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PREFACE 



FouBTBEN years' experience with the State examinations for 
license to practise architecture in Illinois has clearly shown that 
applicants are usually able to determine the stresses in the members 
of roof trusses, but are frequently unable to dimension them accord- 
ingly or to connect them properly at the apexes of the trusses. The 
necessary formulas and data are scattered in numerous reference 
works, and their selection and exact application require more time 
than is allowed to the busy architect or engineer. 

Therefore the purpose of the present work is to supply the data, 
methods, formulas, and tables required in the design of a roof, 
arranged in the simplest manner and so as to require the least time 
and labor in their application. 

Many years spent in the instruction of students have shown the 
author that the study of a series of selected and fully solved examples 
is more useful in the training of the student than the mere memoriz- 
ing of many rules and much good advice without frequent applica- 
tions to practical cases. 

Twenty-five examples of roofs are treated in successive cliaptcrs, 
each chapter being confined to a single stage in the process, such as 
determining stresses, dimensioning members and detailing connec- 
tions, estimating weights of trusses, etc. 

Only the methods of graphostatics required for roof trusses are 
first ^ven, followed by a description of the parts of wooden and 
steel roofs, succeeded by the data and formulas required for com- 
puting loads on roofs. New formulas are given for the approximate 
weights of roof trusses, based on the careful <lesign and calculation 
of numerous examples. It may surprise some readers to learn that 
steel trusses may be safely designed considerably lighter than those 
chiefly constructed of wood. An original formula is given for weight 
of snow, applicable to the United States, excepting the Pacific States. 
A simple formula for wind pressure must suffice until the actual 
conditions have been determined by extended experiments and 
research. 
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Calculations are made and stresses obtained and tabulated for 
the selected types of trusses, assuming the maximum snow and wind 
loads to occur together, as generally assumed in practice. But the 
author believes that this coodition scarcely ever occurs, and he has 
assumed in Chapter XI that either snow or wind with the perma- 
nent loading produces the maximum stress in the members of the 
truss. 

About 100 tj-pical roof trusses have been selected from American, 
English, French, and German technical works as likely to occur, and 
their truss and stress diagrams are given in Chapter V. 

It is very convenient and often necessary to check the results 
obtained by the graphical method, and therefore the method of 
moments is applied to one truss. 

In making working or shop drawings, the centre lei^ths of mem- 
bers must be accurately computed to the nearest 1/32 inch: the 
methods of calculation employed are illustrated by applications to 
triangular and cylindrical roofs, and finally to a hemispherical ring 
dome. 

Wind pressure on roof and walls necessarily affects the stability 
of the walls supporting the roof, though this is often neglected. But 
several examples are treated, including an open train shed and an 
enclosed steel-frame buildii^. 

The author believes that the subject of the strength of materials 
may be placed in a far simpler form, more easily applicable to prac- 
tical cases, by changing loads and safe coefficients of resistance from 
pounds to tons, and lengths from inches to feet. Also, by inserting 
in the formulas the safe stresses and safe limited dcBecttons, these 
formulas are put into a form requiring only very simple computa- 
tions. Some novel formulas are also provided, especially for mem- 
bers under compound stresses. Others are also given for designing 
the connections at apexes. 

In order to save time and labor for the busy man, a series of 
tables have been devised, numerical and graphical, by which the 
most economical safe dimensions of nearly all members and parts 
of trusses may be determined by simple inspection without calcu- 
lations. 

These are followed by chapterson dimensioning members and 
detailing connections, with applications to several examples selected 
from Chapter IV. 
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After the erection of a truss, the application of its loads slightly 
changes its form by shortening members ia compression and extend- 
ing those under tension. The method of computing these changes 
and those caused by changes in temperature is illustrated, thus 
alTording a means of sliglitly changing the original lengths of mem' 
bers in order that the truss may take the desired form, when finally 
erected and loaded. 

It is often necessary to compute the weight of a roof truss, then 
to compare this with its assumed weight, in order to correct the 
stresses, dimensions of members, and their weights, so as to obtain 
the actual and final weight of the truss. This method of correction 
IE fully illustrated. 

Finally, all these preceding methods of treating a truss problem 
are successively applied to a selected truss in order to show clearly 
the system of treating a roof recommended for use by practical men. 

No part of my "Graphic Statics and Trussed Roofs" (published 
1885) has been used in this volume. 

My wife aided in making the computations required for the 
tables in Chapter X. 

A large part of the labor required in making the illustrations has 
been performed by Miss Ethel Ricker, '04, Mr. R. Arnold, '11, and 
Mr. W. C. Voss, '12. 

N. Clifford Riceer. 



ly Google 



„ Google 



TABLE OF CONTENTS 



Preface iii 

Tablb of Contents vii 

Chaiter I. Elements OF (iRArHosTATics i 

Definitions , i 

Representation of a Force I 

Resultant of Forces 2 

Equilibrium of Forces 2 

Composition of Forces 3 

Resolution of a Force 5 

Reactions at Ends of a Truss 6 

Moments of Forces 8 

Moment of Resultant of Forces 9 

Bending Moments of Beam 10 

Reactions by Culmann's Principle 11 

Chapter II. Construction of Trussed Roof iz 

Definitions I3 

Connections and Splices 13 

Elements of Wooden Roof 14 

Elements of Steel Roof 17 

Chapter III. Loads on Roof Trusses 31 

Permanent 22 

Snow 23 

Wind 23 

Accidental 24 

CsAPTER IV. Stresses bv Grapuostatics ib 

Notation employed 26 

Angle of Inclination 26 

Inclined Panel Length 27 

Apex and Purlin Areas 27 

Apex and Total Loads 28 

Example I. Triangular Truss 28 

Dimensions and loads 28 

Stress Diagrams by Culmann's Method 29 

Stress Diagrams by Cremona's Method 32 

Combined Stress Diagrams 35 

Strew Sheet 37 

vii 



ly Google 



Vlll TABLE OF CONTENTS 

EXAMPl.E a. Triangular Truss 38 

Method 0/ changing Stress Diagram 39 

Example 3. Fink Truss with 8 Panels 41 

Method for Stress Diagram 12 

ExAMM-E 4. Fink Truss with 16 Panels 45 

Changes by Expansion Rolls 44 

Example 5. Fink Truss with raised Chord 4(j 

Example 6. Fink Truss with 10 Panels . .' 4S 

Example 7. Unsj-mmetrical Fink Truss 41, 

Example 8. Mansard Truss 55 

Example 9. Segniental Crescent Truss 55 

Inclinations of Roof at Apexes 55 

Example 10. Semicircular Crescent Truss 59 

Example ii. Hemispherical Crescent Dome 63 

Apex Areas 64 

Example la. Hemispherical Ring Dome 6M 

Stresses in Ring Purlins 69 

Example 13. Cantilever Trusses 70 

Example 14. Truss with Cantilever Ends 76 

Example 15. Three-hinged Truss 79 

Example 16. Three-hinged Arch with Cantilevers N2 

Example 17. Mansard Hip Roof nj 

Example iS. Compound Truss 94 

Example 19. Simple Fink Truss 98 

Example 30. Mansard Hip Roof with Ceiling 99 

Example 31. Double Cantilever Truss 106 

Example 32. Cantileverand Skylight Truss ]o8 

Example 33. Cantilever and Monitor Truss 1 1 1 

Example 34. Octagonal Hip Roo/ with Lantern 115 

Chapter V. Typical Roof Truss and Stress Diagrams 113 

Chapter VL Stresses by Method of Moments 142 

Rules for Use of Method 142 

Nature of Stresses 143 

Example 35. Triangular Truss with cambered Chord 143 

Chapter Vn, Lengths of Members of Roof Trusses .153 

Accuracy required t$i 

Aids in Computations 152 

Example i. Triangular Truss 153 

Example 3. Same with reversed Diagonals 153 

Examples. Same with cambered Chord 154 

Example 4. Same with reversed Diagonals 155 

Example s. Same with Howe Web Members 155 

Example 6. Same with cambered Chord 156 

Example?. Fink Truss with 8 Panels 157 



lyGOOg 



TABLE OF CONTENTS ■ IX 

Examples. Same with cambered Chord 158 

EXAMPI.B9. Same with raised Chord 158 

Example TO. Fink Truss with 10 Panels 159 

EXAMrLEM. Same with cambered Chord 160 

Example 12. Same mth raised Chord 161 

Example 13. Unsymmetrical Fink Truss 162 

Example 14. Segmental Bowstring Truss 163 

Example 15. Same with reversed Diagonals 167 

Example 16. Same with Howe Web Members 168 

Example 17. Truss with Segmental Chords 168 

Example 1 8. Same with reversed Diagonals 171 

Example 19. Semicircular Crescent Truss 172 

Example 20. Same with reversed Diagonals r"? 

Exampi.eji. Hemispherical Crescent Truss 178 

Example 33. Same with reversed Diagonals . . . .' 182 

ExAMPi.E 23. Hemispherical Ring Dome 18s 

Construction of K\n% Dome in Steel 188 

Chapter Vill. STAniLirs- of Supports against Wind 190 

Masonry Wall under Wind Pressure 190 

Results of Examination 192 

Example i. Masonry Wall 193 

Example 2. Two connected Masonry Walls 194 

Example 3. Wall supporting Gable Roof 195 

Example 4. Piers supporting Gable Roof 19O 

Example 5. Columns supporting Gable Roof 197 

Example 6. Walls supporting Roof 198 

Example 7. Same with Expansion Rolls 205 

Example 8. Open Train Shed 207 

Example 9. Enclosed Steel Building 216 

Chapter IX. Safe Stkkkcth op Matf.sials 227 

Simplihcation of Compulations 227 

Notation employed 227 

Safe CoeDicients of Strength 228 

Neglect of Deflection comn.cni 228 

Table of safe Coefficients 228 

Tension Formulas 229 

Shear Formulas 230 

Compression Formulas 231 

Columns 'and Posts 231 

Across Fibres of \\'w)<l 232 

Transverse Load Formulas 232 

Requirements for Safety 232 

Maximum Safe Deflection 233 

Case i. Loaded at Middle 'of length 333 

Simplified Formulas for Steel 233 



ly Google 



TABLE OP CONTENTS 

Case j. Loaded uniformly 235 

Amplified Formulas (or Steel 235 

Simplified Formulas for Rafters, etc 236 

Simplified Formulas for Steel Rafters 237 

Simplified Foimulas for Wooden Sheathing 237 

Case 3. Load arranged in any Manner 238 

Limiting Formulas for Deflection 238 

Simplified Formulas for Steel 239 

Ccmpouad Stresses 240 

Shear and Bending Moment 240 

Tension and Bending Moment 240 

Axis of Member straight 240 

Axis of Member curved 241 

Compresrion and Bending Moment 242 

Axis of Member straight 242 

Axis of Member curved 242 

Inclined Rafter 242 

Maximum Bending Moment and Shear 244 

Purlinssupporting Raftersand Sheathing 244 

Resultant load coincides with Axis 24,; 

Resultant load does not 344 

Neutral Axis of Section 245 

Maximum Fibre Stresses 245 

Spliced Timbers in Compresdon 246 

Spliced Timbers in Tension 246 

Safe Resistance of Splice 246 

Rows of Bolts 246 

Formulas for Splices 247 

Riveted Connections 248 

Spacing Rivets 249 

Rivet Lines 249 

Clearance for Heads 249 

Spacing Rivets in Angles 250 

Standard Punching in Webs 250 

Spliced Channels in Compression 251 

Minimum Distance between Channels 251 

Graphical Method for same 252 

Spliced Channels in Tension 352 

Pin Connections 253 

Dimensions of £ye-bar Ends 253 

Resistance of Pin to Shear , 254 

Resistance of Pin to Bearing . 254 

Resistance of Pin to Bending 

Example of Pin Connections 

Example of Rivet Connections 

Formulas tor Slip Plates 

Formulas for Rockers 



„ Google 



TABLE OP CONTENTS XI 

Formulas for ExpaDsios Rolls 258 

:haptekX. TablesforDiubnsionincMehhkks 259 

Tension 159 

A. Rods with Ends not upset 260 

B. Rods with Ends upset 262 

C. Channels with Webs only riveted 263 

D. Channelswith WebsandFlangesriveted 264 

E. Angles, wide Flanges with } inch Rivets 266 

F. Angles, wide Flanges with j " Rivets 268 

G. Angles, both Flanges with J " Rivets 270 

H. Angles, both Flanges with j " Rivets 272 

Compresdon 276 

i. Channels latticed 275 

J. Channels latticed 277 

K. Channels riveted to Gusset 278 

L. Channels riveted to Gii'ssct 279 

M. Angles riveted to Gusset 280 

N. Angles riveted to Gusset 282 

O. Angles riveted to Gusset 283 

P. Small Wooden Posts 285 

Q. Large Wooden Posts 286 

Transverse Loads 2S7 

R. Section Modulus of Rectangle 288 

S. Section Moment of Inertia of Rectangle iSg 

T. Rivet Tabic 291 

U. Pin Table 293 

V. Weight Table for Rods with upset Ends 295 

W. Weight Table for Rods without upset Ends 296 

Cbiftbr IX. DiMENsiOMNc Truss Members 298 

Probable Maximum Stresses 29S 

EZAUFLE I. Wooden Triangular Truss ... . . . . 298 

Sheathing 298 

Rafters 299 

Purlins 301 

Truss Members 304 

Dimension Sheet 305 

Example 2. Wooden Triangular 'I russ 305 

Example 3. Steel Triangular Truss 307 

Example 5. Steel Fink Truss 310 

Pin Connections 314 

Rivet Connections 317 

Example 10. Steel Semicircular Crescent Truss 321 

Changes in Form of Truss 321 

Chord Members straight 326 

Chord Members curved 329 

Dimension Sheets 335 



ly Google 



U7 



Xll TABLE OF CONTENTS 

Chapter Xll. Detailing Connections 

Use of two ditTerent Scales 336 

Example I. Wooden Triangular Truss 

Sheathing 

Ratters 336 

Purlins 

Upper Chord 

Lower Chord 

Splices 

Detail Sheet ^„ 

Web Struts 331J ■ 

Web Ties 

Example 3. Wooden Triangular Truss 

Detail Sheet 

EXAUPLE 3. Steel Triangular Truss 344 

Rivets and Rivet Connections 

Sheathing, Rafters and Purlins 

Rivets, Gussets and Covers 

Connections 

Detail Sheet 

Example 4. Steel Fink Truss 

Channels and Rods 

Pin Connections 

Detail Sheet 

Expansion Rolls }S' I 

Riveted Connections r . . 355 I 

Detail Sheet 356 I 

EXAUPLE 5. Steel Semicircular Crescent Truss 35^] 

Chord Members straight 35R ] 

Riveted Connections 35H ' 

DetailSheet 359 

Chord Members curved 361 

DetailSheet 361 

Chapter XIII. Deformation of Trusses 363 

Changes in Form of Truss 362 

Deflection of Truss 36.* 

Effect of Temperature Changes 36,^ 

Extensions produced by Stresses 36,5 

Extensions produced by Temperature Changes 363 

Example 2. Wooden Triangular Truss 364 

Stress Extensions 364; 

Application of Results 36,'il 

Temperature Extensions 36^1 

Extensions Sheet 

Example 3. Steel Triangular Truss 36^ 

Stress Extensions 



ly Google 



TABLE OF CONTENTS XUl 

Temperature Extensions 367 

Extensions Sheet 367 

Chapter XIV,. Weights of Roof Trusses 369 

Preliminar>- and revised Weight Sheets 369 

Examples. Wooden Triangular Truss 369 

Computation of Weights 369 

Preliminary Weight Sheet 372 

Revision of Stresses, Dimensions and Weights 372 

Revised WcightShcct 373 

Data obtained from Revised Sheet 373 

Example 3. Steel Triangular Truss 374 

Computation of U'dghts . . . . , 374 

Preliminary Weight Slit'et 378 

Revision of Stresses, Dimensions and Weights 378 

Revised We^ht Sheet 379 

Example 5. Steel Fink Truss with cambered Chord 379 

Computation of Weights, Pin Connections 380 

Preliminary Weighl Sheet 383 

Revision of Slressea, Dimensions and Weights 384 

Computation of Weighis, Rivet Connections 384 

Preliminary Weight Sheet 38M 

Revision 389 

Comparison of Weights, Pin and Rivet Connections 390 

Example 10. Steel Semicircular Crescent Truss ........ 390 

Computation of Weighis, straight Chord Members 390 

Preliminary Weight Sheet 396 

Revision 396 

Revised Weight Sheet 397 

Computation of Weights, curved Chord Members 398 

Preliminary Weight Sheet 403 

Revision 404 

Comparison of the two Forms 404 

Chapter XV. Complete Stldv of a Trlss 405 

Dimensions 40.<; 

Sheathing 405 

Rafters 405 

Purlins 405 

Apex and Total Loads 408 

Stress Diagrams and Sheet 410 

Dimonaioning am! Det.tiling 410 

Computing Weight of Truss 410 

Preliminary Weight Sheet 41 1 

Revision of Stresses and Weighis 411 

Data obtained 413 



ly Google 



„ Google 



DESIGN AND CONSTRUCTION OF ROOFS 



CHAPTER I 

ELEMENTS OF GRAPHOSTATICS 

1. DefinltloDs. — The science of statics treats of forces in equilib- 
rium, neither neutralized nor destroyed. It may be studied analyt- 
ically as in Mechanics, where formulas are deduced for different 
cases. Or it may be treated graphically, geometrical diagrams 
[>eing employed for obtaining results similar to those secured by 
formulas. The analj-tical method is preferable in treating a general 
class of problems; the graphical is best for solvit^ a particular 
problem, especially when unusual conditions occur. 

Graphostatics comprises these graphical methods for solving the 
problems of statics. First developed into a science and published 
by Culmann in 1866, then introduced in the United States in 1875, 
it has since been simplified and developed by numerous authors, 
until it has become indispensable to the architect and engineer. 
Simple diagrams replace complex calculations by algebraic formulas 
with the advantages of rapidity, accuracy, easy checking of results, 
and detection of errors. 

2. Bqiresentatlon of a Force. — A force may act at any point in 
its straight line of action. Therefore a force may be graphically 
represented by a straight line, in its magnitude, location, and direc- 
tion. 

The unit of magnitude of force may be any unit of weight, usually 
the [>ound or the ton of 2,000 pounds; the number of weight units 
in the force being represented by an equal number of linear units 
on a straight line, at any convenient scale. In Fig. 1, four tons 
are represented at a scale of four tons to one inch. 

The location of a force is a straight line coincident with the force 
and drawn through the point at which the force is applied. 

The direction of a force may be in either direction along its line 
of action, being indicated by an arrow-head on line of action. 

Forces hereafter considered are always assumed to act in a 
common plane, represented by the plane of the paper in drawings. 
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2 ELEMENTS OF GRAPH0STATIC8 [Ch. 1 

3. Resnttant of Forees. — The resultant of any number of forces 
is that single force that can fully replace all the g^ven separate forces. 

The antiresultant of those forces is that 

e-"*H i 3 — I single force which is in equilibrium with all the 

ta 1 —A Fore""* separate forces, so that no movement occurs. 

It therefore follows, that the resultant and 
the antiresultant of any number of forces must have equal magni- 
tudes, a common line of action, and opposed directions. 

4. Couple. — A couple consists of two forces with equal magni- 
tudes, opposed directions, and parallel lines of action. Hence a couple 
cannot have a single resultant or antiresultant, 

since it tends to rotate the plane of the forces, and 
this rotation can only be prevented by another 
couple with opposed direction and equal moment 
of rotation. Fic 2.— A Couple. 

6. Equilibrium of Forces. — When any number 
of forces are in equilibrium, whether acting at a common point 
or merely in a common plane, the following conditions must exist: 

1. The position of the point or plane remains unchanged. 

2, The given forces have neither resultant nor antu-esultant. 
f/S. The force polygon composed of the representatives of these 

forces must close. 

4. Their equilibrium polygon must also close, if properly drawn 
with its successive angles lying on the lines of action of the forces 
taken in the same order, unless their resultant proves to bp a couple, 
which rarely occurs. 

6. Composition of Forces. — Several given forces may be combined 
to obtain their resultant for replacing them, or their antiresultant 
to equilibrate them. The graphical methods employed vary accord- 
ing to the number and direction of the forces also according to whether 
they are concurrent or not, but these are all primarily based on the 
principle of the triangle of forces. 

That if three forces act at a common point and are in equilibrium, 
their representatives must always form a triangle, around which the 
forces have the same continuous direction. 

7- By Force Triangle. — Let the two given forees F, and F, act 
at the point A in Fig. 3. F, is represented by B A and Fj by C A in 
magnitude, location, and direction. Draw B D parallel and equal 
to A C; join DA, which represents the resultant R of the two 
forces Fi and Ft, because in the force triangle DBA the forces 
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Art. g| FORCE AND EQUILIBRIUM POLYGONS 3 

Fi and Fj, have the same direction around it ; their resultant connects 
their beginning and ending, but must have an opposed direction to 
replace Fi and ft at 4. Hence the principle of the force triangle. 

But if the direction of their resultant be 
reversed, it becomes their antiresultant, has b_ 

their direction around the force triangle, is FjX^__--'"'''° 

in equilibrium with them and prevents any a^^"' 
displacement of the point A. f, c 

8. By Force Polygcm. — Let the four given vio. 3.— Two Forcea. 
forces f 1, F^, F,, and f 4 act at the point A 

in Fig, 4. They are here represented by the lines B A, C A, DA, 
and E A. Draw F B parallel and equal to A C and join FA, thus 
obtaining Ri, the resultant of Fi and fj; combine in like manner 
ffi and Ft, obtaining fls; lastly, flj and Ft, producing ftj, the entire 
resultant R of all the forces. ' 

If its direction be reversed to act 
g ^-*-;^~<-~flQ from ,A to Zf, it becomes their antire- 

/h,,'*^ J:--' \ sultant and is in equilibrium with the 

V "C:::^^ „ N given forces at A . This method evi- 

A-fg^ — '- — -* ** dently consists in successive applJca- 

V^ ° tions of the force triangle. 

' \ 9. By Force and Equilibrium Pcdy- 

Fi,i. i _< uiicurrent Forces gons. — If the lines of action of the 

given forces neither intersect at a 

common point nor arc parallel, the method of the equilibrium 

polygon is most convenient for combining the given forces into a 

resultant. 

Let the given forces Fi, Fi, F3, and Ft act at different points in 
a common plane as in Fig. 5, being neither concurrent nor parallel. 

The method of the force triangle might be applied to forces 
Fi and Fi by prolonging their lines of action to intersect, obtaining 
their resultant at this point, then combinii^ their partial resultant 
fii with Fi, proceeding in this manner until the final resultant R3 
is found, fully determined in magnitude, location, and direction. 
Yet some intersections may fall outside the Umits of the paper, so 
that it is better and equally accurate to use the method of the 
equilibrium polygon. 

In Fig. 6 represent F, by A B. F, by B C, F, by C D, and Ft by 
D E, laid off with the same continuous direction from A to E. Join 
A E, which represents the resultant fi of the forces in magnitude and 
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4 BLEMENTa OF GRAPHOSTATICS (Ch, I 

direction; the resultant R in Fig. 5 must also be parallel to A £ in 
Fig. 6, but its location is not determined. 

^ Select anj- point or pole in 

Fig. 6 and join it with each angle 




s ^ parallel to B and intersecting 

the line of action of Fi at b; i 
larly b c parallel to C, c rf paral- 
"* "'■™" lei to OZ), and de parallel to 0£:. 

10. Demonstration. — At a act the force F„ the force B from 
a toward b, and the force A from e toward a. These three forces 
must be in equilibrium at a, since their representatives in Fig. 6 
form the force triangle ABO with a continuous direction around 
it. For the same reason, the forces F^, C 0, and B are in equili- 
brium at fe; Ft, Z> 0, and C at c; F^, E 0, and Z> at rf. 

But the forces acting along the side a b must be equal, each being 
represented by B in Fig. 6, and the directions at the ends of a 6 are 
hence the side a 6 is in equilibrium; likewise, for similar 
, the sides b c and c d are each in equilibrium. The four 
forces Fi, Fi, F^, and Ft have been equilibrated, and there reniaia 
for further consideration only the forces A acting along c a, and 
E O acting along e d. 

Yet these last forces are also in equilibrium with the resultant R 
at their intersection e, since with R their representatives in Fig. 6 
form the force triangle A E and have a continuous direction 
around it. 

Therefore through e, the intersection of the first and last sides 
of the equilibrium polygon ahcde, draw the line of action of the 
resultant R parallel to X £ in Fig. 6, which b its required location. 
The polygon a bcde is termed the equilibrium polygon, because 
each of its sides b in equilibrium, whatever pole be selected. 

Thb affords an easy means of checking the accuracy of the work 
by selecting a different pole 0' and repeating the process, obtaining 
another point e', which must fall on the line of action preiiously 
found for R. 

This method of the equilibrium polygon should be fully mastered, 
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RESOLUTION OF FOKCES 



a powerful method with wide application in 



since it 
practice. 

The given forces are often actually parallel, particularly in the 
case of horizontal beams, girders, and roof trusses. 

11. i^)pIlcation to Parallel Fwces. — Let the forces ^, to F, act 
vertically on a horizontal beam ^ fi as in Fig. 7, From left to 
right, they are successively laid off do^raward on the vertical line 
1 to 5 of the force polygon in Fig. 8, which here becomes a vertical 

'J 'J i'J 'J "fx 



straight line. With any pole 0, draw the rays 0, 01, 2, 3, 
and O 4. Beginning at any point a on Fi, draw the equilibrium 
polygon abcde as before. The resultant R of the given forces is 
represented in magnitude and direction by 4 in the force polygon 
of Fig. 8, and it must act vertically through the point e, the inter- 
section of the first and last sides of the equilibrium polygon. 

12. Bfllolution of Forces. — This is the opposite of the composition 
of forces, meaning that a single force is to be replaced by two com- 
ponents of unknown magnitudes, but whose loca- 
tions and directions are fixed. Resolution of a 
force into three or more components is generally 
indeterminate, 

13. Components Oblique to the Oiven Force. — o.' 
Let F in Fig. 9 be rcaolve<i into the components 
Ci and d with prescribed lines of action A D and ?*».» 

A E, intersecting the force at A. Complete the *■'<>■ 9— Resolu- 
force triangle ADB by drawing D B parallel to ''"" "' " ^''™- 
A E. Or the entire parallelogram AD B E may be drawn. Then 
Ci is represented in magnitude by D A and €■■ by B D or E A. 

li. Con^MUieiitB Parallel to the Force and to Each Other. — 
Two cases. 

The force F lies between the required comix»nents, a.s in Fig. 10. 
Draw the force polygon in Fig. 11 by making 1 2 equal to F. With 
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Fioa. 10, II.— Force be- 
tween ComponcntH. 



any pole 0, draw rays 1 acd 2; commencing at any point a on 
F in Fig. 10, draw a b parallel to 1 and cutting Ci at b; draw a c 
parallel to 2; join be and parallel to 
it draw the dividing line 3, which divides 
F into the components Ci = 1 3 and C» = 3 2. 
The force F may not lie between the 
required components, as in Fig. 12. This 
case is solved in the same manner, but the 
direction of the component Ci most distant 
from F will be opposed to that of F; the 
nearest component Ci will have the same 
direction a.s F, but its magnitude will be the sum of F and C». 

15. BsactionB at Ends of a Beam or Ro<rf Tniii. — The loads 
supported by a horizontal beam or roof truss are equilibrated by 
opposed reactions at its end supports, 
the sum of these reactions exactly equal- 
ling the antiresultant of all loads sup- 
ported, including the weight of beam 
or truss. This principle is applicable to 
any form of roof truss forming a con- 
nected structure. These end actioas flj 
and Rt must be found before commencing 
to draw the stress diagrams for a roof 
truss. There are two general cases. 

16. Ends Both Fix«d. — Both ends of the truss are fastened to 
the walls or supports. Since the expansion of a steel truss caused 
by heat is relatively small, trusses having spans of 100 ft. or less are 
usually fixed to the walls. 

Let Fig. 14 represent the outline of such a truss, supporting the 



,-« 



-H-^:---. 



PU.1* *'il 

FiOB. 12. 13.— Force outside 
Components. 



Fiita. 14. 15. — Rcnclion at Ends of Beam. 

inclined parallel (wind) loads Ft, Fi, Ft, and Ft. Laying oft these 
loa<ls from left to right successively on the parallel line 4 in Fig. 15, 
«ith [H)l(; draw the rays to 4. Then the polygon abode f 
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Abt. 17] EFFECT OF EXPANSION ROLLS 7 

in Fig. 14, intersecting at / the line B f, parallel to 4 in Fig. 15. 
Join Afhy closing line A f, and parallel to A / in Fig. 15 draw 
dividing line 5, which divides the antiresultant of the forces into 
5 = resultant ^i at A, and 45 = resultant Ri at B, which are 
the required end reactions for the given truss and loada. The 
application of this method to vertical loada or a horizontal beam is 
precisely similar. 

For steel trusses of more than 100 ft. span, a slip plate or expansion 
rolls are usually placed under one end of the truss to prevent the 
walls from being forced out of a vertical position. 

17. Ezpaniion Rtdla at fnudward^First assume that the rolls 
are placed at the left end A. The force and equilibrium polygons 
are drawn as before in Figs. 16 and 17, obtaining the closing line 
A f and the dividing line 5. Extend the load line upward by the 
half load acting directly at A. For sake of clearness, the points 
6, 5, and 4 are transferred to the parallel load line in Fig. 18. If the 
rolling friction of the rolls be neglected, being very small in propor- 
tion to the reaction at A, only a vertical reaction could be trans- 
mitted from the wall through the rolls to the truss at A. Hence 





FiB.18 f 

Fios. 15-18 — Rolta at Windward or Leeward. 

draw the vertical 6 8 to intersect a horizontal through the dividing 
point 5; join 84. Then at A, R, = 86, and at B, ft = 4 8. In 
ease of a slip plate, the friction resistance to sliding can be computed 
and laid off as a horizontal, the actual reaction Ri then being the 
hypothenuse of a triangle composed of this horizontal and the 
vertical reaction previously obtained. 

18. Eq>anBion Rolls at Lsew&rd. — Next assume the rolls to be 
placed under the right end B. In Fig. 17, draw the vertical 4 7 
through 4 to intersect a horizontal through the dividing point 5; 
join 7 6. Then at A, Rt = 7 G, and at S, ft* = 4 7. 

Neither rolls nor slip plates are required for large trusses with 
wooden tie-beams and chiefly constructed of wood. 
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19. Another Method. — These end .eactions may also be found 

fey a different graphical method, to serve as a useful check on that 

Rust explained. Resuming the roof truss and toads of Fig. 14 as 

represented in Fig. 19, its force polygon in Fig. 20 and equilibrium 

lolygon in Fig. 19 are drawn as before, excepting that the fii-st and 




last sides of the equilibrium polygon are ext.cnded to intersect at F, 

through which the resultant H of the loads is then dran-n to cut the 

horizontal -4 B at C. Draw any straight line through C, a g, and 

I h B parallel to resultant It. Then by similar triangles, A gC\ B bC: 

. . (1) 



= reaction ffs at B 



(2) 



'.4 B 

20. Moments of Forces. — The pivot of a moment is a fixed point 
ibout wliich the moment tends to rotate the plane of the forces. 

The lever arm of a force or moment is the perpendicular drami 

1 the pivot to the line of action of the force. 

The moment of a force numerically equals the product of ita 

magnitude by \is lever arm, and it is usually expressed in ineh-lbs,, 

nich-tons, foot-lbs., or foot-tons, according to the units of length and ' 

reight used. 

The direction of rotation of a moment may be positive (watch- 
5e) or negative (non-watchwise), represented by the signs + and — . 

21. Moment of a Couple. — The lever arm of a ^ 
iouple is always the peqtendicular distance between " | h 

Ptfae lines of action of its two forces, without regard — ^'T* 
to the position of the pivot. Hence the moment of J 

a couple has a constant numerical value for all posi- ^ 

tions of the pivot, equal to the product of one force n,^,!^' ^j couple. 

' lever arm of the couple. For in Fig. 21, the 
Daoment of Fi about the pivot C = — FtX ac, and the moment 



Abt. 22] MOMENTS OF FORCES 9 

of Ft about C = + F2 X be. The algebraic sum of these 

moments = — FiX ab (3). The negative sign of the moment 

indicates that its rotation is negative or non- 

^T* j.^," watchwise. Hence the moment of a couple 
'll'l 'ii^-H. Ig must always be as previously stated. 
"^-xjc ^'^-^ j 22. MiaamA of a Force. — Assume the force 

Ki, «?' ^ *°*^ *'^® pivot A, as in Fig. 22. Draw the 
■>•! 23— M force polygon in Fig. 23 as before; then in 
raent of Force. F'E- 22, draw a b parallel to and a c parallel 
to O I, bac then being the equilibrium polygon. 
Through pivot A draw Abe parallel to the force F, and through O 
and a, 2 and a d perpendicular to the force F. By similar tri- 
angles, bac and O 1 : 

01 : 2 -.-.be :ad. 

Hence 01Xod = O2X6c. 

But H = 2 and F = 1. 

Therefore FXad = HXbc. 

But a d is the lever arm of F about pivot .4. Hence the moment 

of F about A is equal to H Xbc. The distance H = 02 and is. 

termed the "pole distance." The line be is called the "intercept" . 

through A. 

Hence the moment of a force = pole distance X intercept . (4) 
This principle was discovered by Culmann. It has very im- 
portant and extended applications in practice and therefore should 
be fully mastered. 

23. Homent of Resultant of Several Forces. — The moment of 
each force about the same pivot might be computed, and the algebraic 




^.84 V ♦ 2* 3 

Fios. 24, 25. — Resullant Moment of Forces. 

sum of these moments would be the moment of their resultant. 
This method may be employed as a check on that of Culmann, but 
the latter will be found more convenient in practice, because it re- 
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i|iiirrB littli^ oomputation, i» less liable to error, which is easily 

f|t<Uu<|.IHl. 

Ahmiiiiik timt the forces ^i, Ft, and Fa are not parallel, as in Fig. 
'i'l. Draw tlinir Wee polygon in Fig. 25, obtaining the resultant 
li - 0'.\: draw pole distance H perpendicular to 3 at 4 In 
I'lK- '-^'ti <lraw equilibrium polygon abed; draw through the inter- 
Hi'ction (/ of its first and last sides the resultant R parallel to 3 of 
l''ig. '2!>. Then draw through the pivot A, ef parallel to R. Then 
the nlgcbraic sum of all the moments of the given forces about A = 
the moment of their resuUant R about A =■ 

pole distatifx H X intercept ej. (5) 

For thi>t>o forces may be replaced by their resultant R, whose moment 
alMut A = R y. gd. For by similar triangles edf and 3, 
«Xffrf = // Xf/. 

Therefore Culmann'a principle may be employed for obtaining 
the resultant moment of any number of forces about a pivot, whethu- 
thes)' fon-ps are parallel or not. 

24. Btttdtnr HomMOt of Loadi on Beam or Glrdar. — Cuhnann's 
prinoiplr may be used to determine the transverse bending moment 
art iiig at any point in the length of a loaded beam. 

Assume a horiiontal beam 15 ft. clear length, supporting 11 
joi.'<t« s)K)ccd 15 infi. on centres, each transmitting a load of 0.25 
to» to the bean]. Fig. 27 represents the beam and its loads; ¥i%. 
"Ai is the force tx>i\-gon of the loads, amounting to 2.75 tons. Taking 
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I. »~«-« 

Km*. 3K. sr— Rnadinc MmiiFDi on H«*m. 

ikw pi^ie dislAixv W - 12 tons, the exjuilihrium pol>-p3a is drawn 
• in Yif.. 27. obtainiiyi a maximum inlwwpt of l.W ft. at t^ middle. 
■Hten W,,., - H \ intoiwpt - 12,00 X l.W = 22.S« foot-loit^ 

The jiiiif .ii#.i«iioe is ii)o».<ur(\3 li\ \hc scale cd loads auA the 
inl^rwpl by thai of hi^hi;. WMj^lo>-o.i in iJjo drawing 

The beodiiig BMment a^in$ at an>' other ptnnt in ihe kngth of 
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tbe beam tnay thus be found by multiplying the intercept at that 
point by the constant pole distance. 

If the pole distance = 1, the bending moment directly equals the 
intercept. Frequently employed thus by Culmann. 

By means of fonnulas to be given later and the numerical value 
of M„a, the required dimensions of the cross-section of the beam 
may be easily computed for this case, at its middle, ends, and inter- 
mediate points in its length. 

The end tangents of the equilibrium polygon intersect at /, 
making an intercept of 3.45 ft., which corresponds to the case in 
which the same total load te concentrated at the middle of the length 
of the beam. 

Then M^^ = 12.00 X 3.45 = 41.40 foot-tons. 

If the load were unifonnly distributed over the length of the beam : 

Mm.,x = ^— = 20.70 foot-tons. 

The actual value of M„uix is about 10 per cent larger than the 
last, showing that the load should not be assumed to be uniformly 
distributed in this case, and that the actual value of M,^^ should be 
found. 

3S. Reactions by Culmann's Principle. — Resuming the roof truss 
and loads in Fig. 14, draw ita force and equilibrium polygons as in 
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Fi^. 28 and 29. Prolong the last side of the equilibrium polygon 
to intersect at g the parallel to resultant 4 in Fig. 29 and drawn 
through A as pivot. In Fig. 29, draw H perpendicular to 4. 
Taking A as pivot, the moment of the given forces about A = H Xag. 

Then ■; = reaction at B. 

ab 

04 — reaction at B = reaction at ^ ... (6) 
This may be used as a check on the method previously given, 
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CHAPTER II 
CXJXSTRUCTION OF A TRISSED ROOF 
, D«flnitlon8.^The external surface of the roof may be [ilant', 
iimuHard. cylindrical, domical, etc. Its structure may be 
/isililc in the iuterior of the building or may be concealed by a 
^uiUne- One or more stories of rooms are sometimes arranged 
ivithin the roofs of very lai^e buildings. 

All nwfs for lai^e structures must be supported by trusses, or 
:)y internal partitions, walls, columns, or girders. 

A truss is a framework constructed in a vertical plane for support- 
ng ihe roof and ceiling, sometimes also the floors of lower stories, 
[t must be composed of triangles, since this is tlie only geometrical 
form i>ermanently fixed by the lengths of its sides. 

The span of a trusa is the horizontal distance between it^ end 
iientres. 

The rise of a truss ia the vertical distance from its span line to its 
!cnlre at the upper apex. 

A bay of a roof comprises its volume between the vertical michlle 
planes of two adjacent trusses. 

A panel of a truss consists of that portion of its elevation between 
ttie centre lines of its upper and lower chords, and those of two 
wijacent vertical or radial web members. 

An apex of a truss is the intersection of the centre lines of a chord 
and of the web members at a common point. The loads supported 
by a truss are assumed to be concentrated at its apexes, usually only 
at those of the upper chord, unless a ceiling is attached to the lower 
whord, or it is loaded by a floor within the roof. 

An apex area is that portion of the roof surface, or of a ceiling, 
aupporteil at a loader! apex of the truss. 

A member of a truK*! connects two adjacent apexes; it may be 
cur^-ed but is usually straight. 

The upper chord comprises the entire series of the upper members 
of the truss, and it is usually a straight, broken, or curved line. 
When composed of two straight lines, each of these is tenned,A 
principal. 
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Aura. 27, 28] CONNECTIONS AND SPLICES 13 

The lower chord comprisea the lower members of the truss, and 
it may also be a straight, broken, or curved line. When it is a 
horizontal timber, this is called a tie-beam. 

A web member connects an apex in each of the two chords. The 
terms radial, vertical, diagonal, etc., are applied to web members. 

A strut is a web member only resisting endwise compression. 

A tie is a web member only resisting endwise tension. 

A strut-tie usually resists compression but sometimes tension. 

,A tie-strut usually resists tension but sometimes compression. 

These alternations of the kind of stress in a member are caused 
by irregular loading, by heavy snowfall, or wind pressure on one 
side of roof. 

27. CoDOMtiiHis at ^exes. — Joints or connections of members 
in wooden trusses are usually made by properly framing together 
the wooden members, through which the steel rods usually extend, 
the joint being often strengthened by bolts, straps, etc. 

Pin joints in steel trusses are made on cylindrical pins, inserted 
* in eyes in the ends of the members. 

Rivet«d joints in steel trusses are made by inserting a gusset 
plate between the two shapes composing each member at the connec- 
tion, which are then joined to the gusset plate by through rivets. 
The gusset plate then becomes the common connection of the 
members. 

28. Splices in Members. — A splice in a wooden timber, subject 
to compression only, should l>e made as near an apex as possible. A 
short halved and bolted splice is sufficient and reduces tlie strength 
of the timber very little. 

A splice in a timber in tension may be made at any convenient 
place. It is best and simplest to butt together the ends of the tim- 
twrs, then connecting them by fish plates of steel or hard wood placed 
on opposite vertical sides of the timbers, strongly bolted through the 
plates and timbers. A good splice of this kind will safely resist 50 
per cent of the safe tensile strength of the uncut timber. Complex 
forms of splices are not as good and are more costly. Such splices 
in lower chords are often made by constructing the chord of planks 
set on edge and strongly spiked and bolted together, their ends being 
arranged to break joints. Such a chord looks better being of uniform 
size, but it is very difficult to prevent the planks from sliding on each 
other. Nor should it be stressed to over 50 per cent of the safe 
strength of the uncut planks. 
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14 CONSTRUCTION OF ROOFS [Ch. 

A splice in a steel member is usually made at an apex by means < 
gusset and cover plates, all firmly riveted with through rivets. 
39. Bflments of a Trussed Root. — 

(Covering. 
Sheathing. 
Ceiling. 

Roof framework i «_ i- 

( Purlins. 

fUpperchord i^^ 

Roof truss — i Web members, . . . -I ^^ 1 ^. 

, , J Strut-ties. 

1. Lower chord _, ^ , 

L Tie-8trut6. 

DESCRIPTION OF PARTS QF WOODEN TRUSSED ROOF 

30. CoToring.— This material protects the exterior of the nx 
from water, snow, and dust, and it is commonly of shingles, ( 
painted tin, or of several layers of felt cemented together and covere 




with melted asphalt and gravel. Sheet copper or zinc is sometime 
employed on costly buildings for greater permanency and to avoi' 
frequent painting. Slates or tiles are often used for durable rooff 
Duck cloth is also found on the decks of vessels and sometimes o: 
veranda roofs, especially if they are frequently walked upon. 1 
must be kept well painted to prevent rot. Tarred paper or boan 
is only suitable for temporary sheds, etc. 

31. Sheathing. — For shingle roofs, the sheathing is usually rougl 
pine boardt^ six inches wide, laid with joints open two or three inches 
Matched and dressed lumber of similar grade is used under all othe 
coverings, and it should also be covered with ruberoid, heav 
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ihc i>res3ure is distributol over the wood by a cast-iron washer of 
proptT area, its face perpendicular to the rod. Skew washers tend 
to slip and shear off the rod, hence the necessity for a bearing at 
right anglos to the rod. 

39. 8tnit-TieB or Tie-Struts. — The former is under a maxiniutn 
compression and is subject sometimes to a minimum tension, while 
ll»- latter is usually under a maximum tension, but is sometimes 
subject to a minimum compression. The reversed stress may occur 
under irregular loading or by change of wind from one side of the 
roof to the other. Therefore the member must be designed to 
safely resi.^ both its raaxiniimi and ininiraimi stresses. It may be 
a wooden timtjer connected with the chords at each end by side 
straps and bolts, by clips and bolts, etc., strong enough to resist the 
Misilc stress. Or it is sometimes composed of two struts set beside 
taeh other to resist compression, between them being placed a rod 
for redsting tension; or two rods may be used beside a single 
stmt. 

Reversal of the kind of stress in a chord or web member rarely 
occurs in a truss of ordinary form, but it must be considered in 
trusses for high roofs, scissors trusses, and especially in large cylin- 
drical roofs and domes. 

iO. Diaffonals. — Diagonal rods connect alternate apexes of two 
adjacent trtissea in order to strengthen the roof against diagonal 
winds and accidental loads. Suspension rods for supporting purlins 
are not used except with steel purlins. 

41. PartB of a Steel-TruRsed Root.^ — The steel roof truss is now 
moro common than those of wood, for reasons of economy, i>er- 
manence, and appearance. The rafters and purlins are also of steel 
ui important permanent or hrepoof structures. 

In Europe, and sometimes in the United States also, the members 
of roof trusses are frequently i)rotect«d by hollow tiles, or they are 
DOW frequently made of reinforced concrete, which will probably 
soon be conuuon here in fireproof buildings. 

42. ProrlEion for Expansion of Truss.— On account of changes in 
the lengths of steel members caused by variations in temperature, 
stwl trusses of more than 100 ft. span shoulil have rolls or a slip , 
plato under one end, the other being fixed to the wall. Or if both 
endf* are fixed to heavy walls, or are set on joint pins at the floor 
level, the tru-ss must also be jiivoted at the upper ajiex and arranged 
to rise and fail there as the temperature varies. In the latter ease 
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nailed, thus being parallel to the upper chord and not horizontal 
as if rafters were used. This method is probably more economical 
than rafters cut to the curve, but careful construction is necessarj' 
for a tight roof. Yet it has a better appearance internally. 

36. Upper Chord. — A straight principal is usually of uniform 
cross-section for its entire length for sake of appearance. It is best 
spliced near an apex, if necessary. It may be of either square or 
rectangular section, but Is l)est if its depth be greatest. When 
timber is san-n to order and the principal h a single timber, its cross- 
section might be reduced toward the upper end with economy, since 
the stresses in it are there much less. 

A curved upper chord is usually built of several thicknesses of 
plank bent in a vertical plane over each other on a proper form, then 
being strongly spiked and bolted together to prevent slipping. Joints 
of the planks are Iap|»ed. Such a chord is constructed on the floor- 
and then raised to its place in the roof. But the planks slip on each 
other under stress, the curvature becomes flattened, and the actual 
safe resistance of such built cur\-ed beams cannot be computed with 
much accuracy or certainty. 

A much better method is to make this up|3er chord of straight 
members connecting the successive ajwxes. The puriins may then 
be boxed or blocked out to the required curve, ready to receive the 
curved sheathing of a cylindrical roof. No uncertainty then occurs. 

■ 36. Lower Chord. — If this lie a horizontal timber or tie-beam, it 

is best made of timbers of uniform cross-section, having the same 
width as the upper chord and at least two inches deeper, to allow for 
cutting tlie fibres in various ways. Tiie ends of the timbers are 
best butted and fish-spiiced together. This tie-beam is also fre- 
quently made of planks set on edge and spiked and bolted together. 

* If it be curved in a vertical plane, it is constructed of planks likemse, 
but this is objectionable for the reasons already given. 

37. Sbiits. — Being subject to lengthwise compression only, these 
are wooden timbers, their ends cut off square and boxed in the 
inner sides of the chords. To prevent displacement sidewise, their 
.ends are spiked to the chords, or are held in place by stub tenons, 
wooden or steel dowels. 

38. Ties. — These are always in tension and are usually steel 
rods, often used in pairs to resist large stres.ses and to avoid the use 
of large single rods. They extend through the chords, their ends 
being upset to make them as strong as the lx)dy of the rod, and 
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RAFTERS AND PUBLIN8 

supported by wooden or steel rafters and purlins, resting on steel 
trusses. 

46 a. Ccdlinff. — For fireproof structures, the ceiling may be con- 
etnicted of hollow book tiles a^ described for sheathing. But it is 
more frequently made of plastering on expanded metal or wire 
netting, supported by small steel channels or bars clipped to the 
chords or the purlins. Such ceilings will probably soon be made of 
reinforced concrete, but they would be much heavier. 

46>. Hatters. — May be of wood aa already described, being still 
cheaper, but are better if made of steel shapes. Tlie channel section 
is most economical for rafters in shapes of equal strength. Inverted 
T's and L'e are still occasionally employed for light roofs, but are 
much heavier and more costly than channels of equal strength. 
To fasten wooden sheathing to steel rafters or purhns, it is necessary 
to fasten by screws or clips a wooden strip flat on the upper edge of 
the steel shape, to which the sheathing may then be nailed. 

47- Purlins. — These are generally made of steel shapes, sii^lc 
or in pairs, I-, channel-, or Z-bars being useti. 

A single shape may be used, riveted to top of the upper chord at 
its crossing. Being much stiffer edgewise than sidewise, the purlin 
is then supported at several equidistant points in the length by 
suspension rods parallel to the upper chord, connecting the successive 
purlins, the upper ends of the uppermost rods passing through tJie 
web of the ridge purlin. The number and size of these rods will 
depend on the length, stiffness, and the magnitude of the loads 
supported by the purlin. This construction is probably most 
economical in ordinary roofs. 

Or two channels may be used for each purlin, connected together 
by bolts and separators or by lattice bars, their webs being sufficiently 
separated to produce the required stiffness sidewise. For very long 
or heavily loaded purlins, trussed shapes may be used. Belly rods 
in the plane of the roof might also be used. But it is probably more 
economical to place the trusses nearer each other in large roofs than 
to truss very long purlins. 

48. Upper Chord. — For trusses of moderate spans, the upper 
chord is generally composed of two Ls, between which are inserted 
gusset plat«s of uniform thickness for connecting the memliers at 
the joints. Being usually under compression only, these Ls are 
to be connected at proper intermediate distances by filters and 
through rivets, in order to combine them into a single member. 
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occurp the three-hinged arch or truss, often used for spans of unusual 
widths. 

13. Covering. — For open train and storage sheds, market hails 
and temporary structures, when the building has no enclosing walls 
and is not heated in winter, the internal and external temperatures 
are practically equal. The roof is then often covered with corrugated 
steel sheets without any wooden sheathing or rafters, these sheets 
being fastened to steel purlins by dips and overlapping at one end 
and one side. The purlins should never be set more than six feet 
on centres. This makes a durable and economical roof, but it is 
liable to drip inside, whenever any considerable <iifference occurs 
between the internal and external temperatures. A safer method 
is to lay the corrugated sheets on felt over the usual wooden sheath- 
ing, or to line the roof beneath with expanded metal or steel laths 
and plastering. This prevents any drip and makes a wanner 
building. 

But the usual covering of painted tin, sheet copper or zinc, felt ^ 
and gravel, etc., are more commonly employed for important < 
permanent buildings. 

44. Sheatbing. — Usually made of dressed and matched floorio 
as described for wooden roofs. 

Roofs of fireproof buildings are now frequently covered by 
slab of reinforced concrete three or four inches thick, clipped i 
purlins, the rafters being omitted or set as far apart as the purlim 
The external surface is then covered with ruberoid or roofing feH 
on which wooden strips are nailed to receive wooden sheathing c 
slates. It makes an economical and durable roof but is unusual^ 
heavy. 

45. Hollow Tile Roots. — The best city fireproof structures t 
also covered with a layer of hollow book tiles set in cement, thett 
levelled externally by plastering with cement mortar. These tilef 
are twelve inches long and two to four inches thick, and they s 
supported by inverted steel T's set as rafters and embedde<i i 
mortar between the tiles, so as to be protected from fire and produoc 
smooth external and internal surfaces. Wood strips may be nailed 
on the tiles to receive wood sheathing for a metal roof, or a felt a 
gravel roof may be cemented directly to the cement plastering 
making a heavy but permanent roof. 

For large structures with roofs visible in the interior, such i 
exhibition halls, armories, etc,, wooden sheathing is general^ 
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tarred board or felt, or other impervious material, under metal, elates, 
or tiles, since snow and rain are frequently driven by wind through 
the crevices of slates or tiles, and this would cause leaks. If the 
sheathing be visible in the interior of the building, the under side 
is dressed and the joints are often beaded. For cheap structures 
dressed flooring is often inverted for sheathing. The sheathing is 
sometimes laid diagonally to improve its appearance and strengthen 
the roof by diagonal bracing in its planes. Such sheathing is usually 
7/8 in. thick, there generally being no economy in using a greater 
thickness. But thicker sheathing is sometimes laid directly on the 
purlins, omitting rafters, or even on the trusses, omitting purlins. 
This improves the internal appearance, but is more expensive. 

In the mill system of conatruction, planks four inches thick are 
laid on the purlins or trusses. This is much more expensive than the 
ordinary construction, but it bums very slowly and is often required 
for the roofs of factories, etc., within the fire limits of cities. 

32. Cellincr- — In churches or public halls, a ceiling of wood or of 
plastering is often directly fastened to the under side of the rafters, 
thus leaving the purlins and trusses visible in the interior. Or thb 
ceiling may be placed entirely below the truss and be supported by 
the lower chord, which is usually concealed. If the truss has a tie- 
beam, the ceiling joists are usually set at right angles to it, and their 
ends are either notched in the timber or hung in stirrups from it. 

33. Rafters. — These are small timbers, 2, 3, or 4 ins. thick, 
and from 4 to 12 ins. wide, set from 12 to 24 ins. on centres. They 
are parallel to the upper chord, and are fastened on the purlins. For 
cylindrical roofs, the upper edges of the rafters must be cut or furred 
out to the required curve to receive the sheathing in its cylindrical 
form. Roof joists are also set like purlins at right angles to the 
upper chord on which they are fastened. This produces a serious 
bending stress on the members of the upper chord in addition to their 
lei^hwise compression, which fact must be considered in determining 
the sections of these members. 

34. Purlins. — These timbers are of rectangular section, their 
larger side being either set vertical or perpendicular to the surface 
of the roof. They are jointed and supported at the apexes of the 
upper chord. Intermediate purlins are sometimes set between the 
apex purlina, especially in cylindrical roofs and also when rafters are 
omitted. The upper edges of the purlins are set to th^ proper curve 
of a cylindrical roof, the sheathing then tieing bent over them and 
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When two Ls are not sufficient, two channels are employed, 
connected by lattice bars on top and bottom flanges. Plates are 
objectionable in repainting the truss, though a plate is sometimes 
placed on the top of the chord for trusses of verj- wide spans, the 
bottom flanges being latticed. The channels must be separated 
sufficiently to make the member equally stiff sidewise and edgewise. 
The connections at the joints are then usually made with joint pins 
instead of gusset plates and rivets. 

For economy in trusses of great spans, the upper chord is some- 
times made of four Ls set at its angles and latticed together on all 
sides. This construction is indeed economical but is dangerous on 
account of the probability that the stress in the member is not 
uniformly distributed over the cross-sections of the La. 

For cylindrical roofs, the upper chord may be composed of two 
shapes bent hot to the proper curve, which appears best in the 
interior. But since the safe resistance of such a cur\-ed member 
is much reduced by its cur\'ature, it is structuraily preferable and 
more economical to use straight shapes to connect the adjacent 
apexes. The purlins can then be easily boxed or blocked out to the 
required curve to receive the sheathing, as the rafters are usually 
omitted or wooden rafters may be cut to the curve and fixed on the 
purlins 

49. Low <3u>rd. — This is likewise made of two Ls for roofs of 
moderate spans and has riveted connections as already described, 
but fillers between the Ls are not necessarj-. For roofs of wide 
Spans, two channels may be latticed together with pin connections. 
Four Ls latticed together should not be used, for the reasons pre- 
viously given. 

For chords under ver>' great stresses, it may become necessary 
to use box prders, but these should be avoided if possible, on account 
of the repainting and the difficulty in making the connections of the 
members. 

60. Sbruts. — A single L is sometimes used to resist very small 
stresses, but this is bad, since the L is weakest diagonally and mo- 
ments result at the ends. 

They are ordinarily made of two Ls connected at intermediate 
points l)y fillers and rivets. The sidewise stiffness is often increased 
by bending the shapes slightly outward, using thicker fillers and 
longer rivets, in order to make the stiffness at least equal sidewise. 

For latter stresses, two channels are likewise connected by filleis 
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and rivets, or by lattice bars in case of pin joints in the truss. For 
verj' great stresses, it may become necessary to add plates to the 
channels. 

61. Tiei. — For riveted trusses, these are made of two Ls like 
struts, but ordy being in tension, they do not require intermediate 
fillers and rivets. For very light stresses single or double flat bars 
or round rods with flattened ends may be used. Flat eye-bars 
are generally used for pin-connected trusses, as they may be closely 
packed on the joint pins. Eye-rods are also used for light stresses, 
Tumbuckles or sleeve nuts may be used on rofis only. 

fi3. 81anit-Tie8 or Tie-Struts. — These are constructed in the same 
manner as struts, care being taken in designing to make them safely 
resist either kind of stress that may occur. 

63. Joint Pins. — Usually made of cold-rolled steel shafting cut 
to required lengths, as no turning is then required. Their ends are 
furnished with cotter pins or Lomas nuts, since the sidewise pressure 
against the nut is very small, if the connection has been properly 
arranged. These pins must be carefully designed to safely resist 
the maximum shearing, bearing, and bending stresses tliat actually 
occur at each apex of the truss. But it is more economical and 
common to use but a few different sizes of pins in a truss, in order 
to lessen the danger of errors in manufacture and shipment. Cold- 
rolled shafting is 1/16 inch less in diameter than its nominal size, so 
that this is to be remembered in designing pin connections. 

U. AdJUBtmsntB for Bods. — Tumbuckles, clevises, or right and 
left nuts, are used near the middle of a round or square nxl, so that 
its length may be accurately adjusted during the erection of the 
truss or later. Their forms and dimensions are standard and may 
be taken from Cambria, Carnegie, etc. Flat eye-bars cannot be 
so adjusted and must be made of the exact length required. 

66. Diagonal Bods. — Steel rods are set below the apex areas and 
parallel to the roof surface, joining alternate apexes of two adjacent 
ti'jsses in order to prevent distortion of the roof by wind. They 
are usually placed In the end and some intermetliate bays of the 
roofs of long buildings, or under great exposures they may be required 
in each bay. 

66. Suq>ansioa Bods. — These are placed parallel to the upper 
chords, divide the span of the purlin into equal spaces, connect 
adjacent purlins, the uppermost rod passing through the web of the 
ridge purHn, which is often set vertically. 
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CHAPTER III 

LOADS 0^f ROOF TRUSSES 

67. Kinds of Loads. — These are of four kinds: permaQeDt, snow, 
wind, and accidental. 

66. Pemument. — This comprises the total weight of all structural 
materials composii^ that portion of the roof supported by one tnisa. 

69. Covering and Itamework. — Weight in pounds per square 
foot of inclined surface of the roof. 
Lbs. 

Wooden shingles 2 

Paintedtin 2 

pBinted ^eet steel 3 

Corrugated sheet steel 4 

Copper or sine sheets 2 

Leadsheeta 6 

Rubeioid 2 

Felt and asphalt 3 

Felt, asphalt, and gravel 6 



Slates, 1/8 inch thick 6 

Slates, 3/16 inch thick 7 

Slates, 1/4 inch thick 10 

Tiles, flat 16 

Tiles, Spanish 9 

Tiles, Ludovici 8 

Tiles, Celadon 8 

TilessctinmoHar,aiirl 10 

Glaaa in skylights 5 



60. fOieattiing.- 



Lbs. 



Wood, soft, per inch thick 3 I 

Wood, hard, per inch thick . . 4 

Tiles, porous, for slating 10 

Tiles, book 20 

Reinforced concrete, per inch .... 12, 

Cinder concrete, perinch 10 



61. Eafters.- 



Lbs. I 



Wood, soft 3 

Wood, hanl, und L. L, pine 4 

62. Purlins.— 

Lbs. 

Wood, BUp]«)rtinKrat(efE 3 

Wood, supporting sheathine . , , 4 



Tile arches, 6-inch 25 

Tile arches, 8-incli 30 

Tile arches, lO-inch 35 

Tilearches, 12-incli 40 

Tilearchcs, IS-inch 50 

Mortar, per inch thick 10 



Steelahapes 4 



Steel, supporting rafters 3 

II Stecl,supportingBhcuthing 4 



63. Ceiling. — Per sq. ft. of visible surface. 



Lbs. 

Wood ceiling joists 2 

Steel ceiling joists 2 

Plastering and lathing 10 

W<ir>den ceiling, per inch thick. . . 3 



Lba. 
Sheet steel on wood sheathing. ... S 
Reinforced concrete, per inch ... . 12.6 

Tiles, book, plastered 26 

Tile arches, 6-incb, plastered 32 
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M. TniM. — The weight of the truss varies with its span and 
rise, with the distance between centres of adjacent trusses, and 
further with the intensity of the snow and wind loads, that must be 
supported by the roof. 

The formulas here given result from the careful designing and 
calculation of the actual weights of a large number of trusses of 
longleaf pine and steel rods, and of those entirely constructed of 
steel shapes with riveted connections, for spans increasing from 20 
to 200 ft., for rises from 1/10 to 1/4 the span, and for distances 
between centre planes of trusses increasing from 10 to 30 ft. They 
may therefore be assumed to closely approximate the actual weights 
of roof trusses within the given limits, required to safely support 
the sum of permanent, snow, and wind loads on the roof. 

The weight of the truss is given in lbs. per sq. ft. of the area of 
the horizontal projection of that portion of the roof supported by 
one truss. 



+ "TT^vT ~ weight for wooden trusses, . (7) 



span' 
" 6200 

span' 
'12600 " 



weight for steel trusses. ... (8) 

66. 8aov Load. — Also given in lbs. per sq. ft. of the horizontal 
projection of the roof. 

Very little data are available relating to the maximum depth of 
snow occurring at different localities in the United States. Wherever I 
this depth is known, its weight may be assumed to be 7.S lbs. per sq. V 
ft. for ordinary solid snow, not saturated with water and frozen 
bard, per ft. in depth. 

Meantime the following empirical formula is proposed for the 
United States, until the maximum snowfall has been determined at 
a sufficient number of points for constructing a general formula. 
The results obtained by this formula would be excessive for the 
Pacific Coast, where the snowfall is usually light and not cumulative. 

Let L° = north latitude of the place. 
2.5 (L" — 35") = maximum weight of snow at the place. . (9) 
"ITiis formula assumes lbs. at Memphis and 35 lbs. at the extreme 
northern limit of the United States. 

66. WinA Load. — The intensity of wind pressure on a piano at 
right angles to its direction increases with its velocity. The pres- 
sure per sq. ft. is also found to slightly diminbh as the area of the 
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plane is increased. This maximum wind pressure may be safely 
taken as follows; 

30 lbs. per sq. ft. for ordinary exposures (10) 

40 lbs, per sq. ft. for medium exposures (11) 

50 lbs. per sq. ft. for maximum exix)sures (12) 

The first value is generally used for buildings in cities, partially 
sheltered by other structures. 

The second should be used for lai^e isolated buildings. 

The third is to be employed for buildings in very exposed locations, 
on high hills or mountains, on the lake or seashore, etc. 

The horizontal pressure of the wind divides info two components, 
one acting at right angles to the surface of the roof, the other only 
causing friction on the roof and being usually neglected. Numerous 
formulas have been proposed for determining the magnitude of the 
first component, but their results vary greatly, showing that this 
matter is not properly understood. 

Hutton's formula is still chiefly used in the United States and 
England, but it is complex in form and was based on a series of 
entirely inadequate experiments by its author, made in the eighteenth 
century. 

Until an accurate formula has been constructed after a long series 
of {'areful experiments, the use of the following formulas is recom- 
mended in practice. 

Let w = wind pressure perpendicular to roof surface in lbs. per 

sq. ft., i° = inclination in degrees of surface from a horizontal. ' 

2 ^ 
w = — t for ordinary exposures (13) 

ii> = - i° for medium exposures (14) 

w — -^ I for maxmium exposures (lo) 

The values of w respectively become equal to 30, 40, or 50 lbs. 
per ST], ft., when i° equals or exceeds 45°. 

This normal ivind pressure on a roof is sometimes resolved into 
its vertical and horizontal components, assuming the first to be 
merely a vertical load on the truss and entirely neglecting the 
Jioiizimtal component. But this proceciure ig manifestly unsafe. 

67. Accidental Loads. — These may or may not be present, and 
tlicy vary according to the uses of the structure. It is necessary to 
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consider them in each particular ease. The roof may be require<l 
to serve as an outlook for a crowd of people, a roof garden or theatre; 
there may be a line of overhead shafting supported by the trusses 
anil with numerous belts to machines on the Soor; a travelling crane 
and its maximum load may be suspended from the trusses; the top 
of a derrick in a foundry may be fastened to a truss; a water tank 
may be placed on the roof; the space within the roof may be utilized 
for rooms, shops, or storage, etc. 
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CHAPTER IV 

8TEESSEB BY GRAPH0STATIC8 
It first becomes necessary to compute the approximate loads to 
be supported by the roof truss, then drawing the stress diagramB. 
A system of simple notation will first be given before applying the 
method to some selected examples of roof trusses. 

68. Notatioa Enqployed in Formula8. — 

A = inclined apex area in sq. ft., supported at an apex of the 

upper chord or by an apex purlin. 
d = distance in ft. between centre planes of two adjacent trusses. 
d' = chord distance in ft. between centre planes of dome trusses 

or ribs at any apex. 
h = rise of truss in ft. 

t = angle of inclination in degrees of roof from a horizontal. 
I = horizontal panel length in ft. 
V =■ inclined panel length in ft. 
m = number of intermediate spaces between purlins and between 

apexes. 
n = number of spaces between rafters for one bay of roof. 
N = number of panels in the truss. 
P = permanent apex load in lbs. 
S = snow apex load in lbs. 
W = wind apex load in lbs, 

69. Angle ot Inclination ot Boof. — 

Tan i" - r— f7 

half span 

Tan 1° = for a shed roof of one slope (17) 

span "^ ' 

Ta« i" = horizontal pm^tion of side ^"^ "n«y™metrical gable roof. (18) 
i" = inclination at apex considered for cylindrical or domical rorf. 
Bisect each panel of the latter on curve between apexes of upper 

chord ; draw horizontal and vertical through each bisecting point; 
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these are the horizontal and vertical projections of the curve between 
end points of any division. 

„ «, vertical 

Tan 1 at any apex = r — : r~y corresponding to roof area 

supported at that apex. This average incUnation %° is that of 
the tangent at the apex and is assumed to be uniform for that apex 
area (19) 

70. Inclined Psnel Length.- — 

I » horizontal panel length. 

/' = ■= = inclined panel length (20) 

cos r 

For cylindrical roofs or domes: compute curved panel length by 
formula for circumference; compute chord for curved panel length 
by angle at centre between radii drawn to apexes. 

For computing loads on roofs, it suffices to take the lengths of 
the chords between bisecting points on curve between apexes on 
truss diagram. 

71. ^ex Area. — 

A = d X I, for roofs with plane surfaces (21) 

4 — d X curved panel length, for roofs with curved sur- 
faces (22) 

But with accuracy sufficient for computing loads in practice. 

il = d X chord between bisecting points on curved chord. (23) 

A = d' Y. chord between bisecting points on chord or rib of 
dome (24) 

If absolute accuracy be required for panel areas of domes, the 
surface areas between meridional planes through centres of trusses 
or ribs, and horizontal circles drawn through apexes, may be com- 
puted by formulas for spherical surfaces; the centres of gravity of 
these areas may be located and the area be divided accordingly 
between the apexes adjacent to it; the entire panel area at an 
apex = sum of parts of adjacent panel areas there supported. But 
this procedtu% requires much time and will not usually change the 
dimensions of truss members obtained by employing the approximate 
method previously given. 

73. Pnriln Area. — 

A — d XV, for purlins at apexes of upper chord only. (25) 
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73. Ceiling Area. — Computed in the same maimer as apex roof 
areas. The ceiling may be suspended from the apexes of lower 
chord only, or from intermediate points also. It may further be 
plane, polygonal, cylindrical, or spherical in form. 

74. Calculation of Apex Loads. — 

P=A (covering + sheathing +raf ters + purlins + truss cos C) = lbs. (27) 

S = A (snow cos i') = lbs (28) 

W = A (normal wind pressure) = lbs (29) 

75. Calculation of Total Loads on Half Trass. — For all symmetii- 

cal trusses of gable roofs. 

jV-1 
Permanent load = P — — = reaction at end of truss in lbs. - (30) 

Snow load = S — -- = reaction at end of truss in lbs. (31) 

N-1 
Wind load = W — — = total wind load on entire truss. (32) 

The end reactions are found by the equilibrium polygon. 

For irregular or curved trusses, when P, S, and W vary in value, 
the total loads on the entire truss = sum of loads supported at the 
apexes. 

Example 1. — Truss with Vertical Rods 

76. Programme. — Type of truss as in Fig, 31 : span 100 ft; rise 
20 ft.; 10 panels; materials, shortleaf pine and steel vertical rods; 
covering of painted tin on 7/8-inch sheathing; 2-inch rafters; wooden 
purlins; trusses, 15 ft. on centres; ceiling plastered and floored, 
attached to lower chord; location at Chicago, latitude about 42° 
north ; ordinary exposure. Travelling crane and 5 tons. 

77. Dimensions. — 

20 
Tan i" = — = 0.4000 = tan 21.8° = angle of inclination. 

/ = — = 10.00' = horizontal panel length. 

I' = ^o = 10.77' = inclined panel length. 

cos I ' " 

A = d I' = 15.00' X 10,77'= 161.55 sq. ft. = af>ex and purlin area. 
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78. Apex Loads. — 

span . span' 100 . 100= , „, ,, , . ^ , 

Truss = -25- + ^200=i^+02u6= ^"^^ '**'■ ^'' ^^"^^"tal sq.ft. 
Snow = 2,5 {42° — 35°) = 17.5 lbs. per horizontal sq. ft. 

2 2 

Wind = Y t° = "T X 21.8° = 14.53 lbs. per inclined sq. ft. 

P = A (covering + sheathing + rafters + purlin + truss cos 
1°) = 161.55 {2 + 3 + 3 + 3 + 5.61 cos 21.8°) = 101.55 X 16.21 = 
2619 lbs. = 1.310 tons. 

S = A (snow cos i°) = 101.55 X 17.5 cos 21.8° = 2625 lbs. = 
1.313 tons. 

IF = A (wind pressure) = 101.55X14.53 = 2347 lbs. = 1.174 tons. 

79. Total Loads on Half THlss. — 

A^-1 
Permanent = 1.310 X —^- = 1.310 X 4.5 = 5.90 tons. 

N-\ 
Snow = 1.313 X —^- = 1 313 X 4.5 = 5.91 tons. 

Wind = 1.174 X ~^ 1.174 X4.5 = 5.28tons on entire truss. 

80. Trass and Stress Diagrams. — The truss diagram is drawn at 
any convenient scale as in Fig. 31, and it is composed of the centre 
lines of all its members, arranging that these lines may be considerably 
longer than the corresponding lines in the stress diagrams in order 
to insure greater accuracy. 

81. System of Notation. — The most convenient system of nota- 
tion is to letter the successive apexes of the truss in capitals from 
the left end; then to letter the surface above the truss X and the 
surface below it Y; finally numbering from left to right the successive 
triangles composing the truss as in Fig. 31. Each member tlien 
separates two surfaces in the truss diagram, and its corresponding 
stress line connects two points lettered like those surfaces. This 
notation prevents errors in measuring and tabulating the stresses in 
the members. 

82. Stress Diagrams b; Culmaon's Method. — A separate polygon 
for permanent stress is then drawn for each apex of the truss. 

At the apex A, the upward reaction R must be in equilibrium 
with the stresses acting in members X 1 and Y 1, Fig. 32. This 
reaction is one-half the total permanent load on the trus.s, here 
being "■ 5,90 tons, as computed. The reaction R is laid off in Fig. 
32 from x to y at any convenient scale, and x 1 and y 1 are drawn 
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parallel to X 1 and y 1 in the truss diagram, Fig. 31. Their magni- 
tudes are to be measured by the scale used for the reaction R = xy. 
Since these three stresses are in equilibrium at A, they must have a 
coDtinuous direction around the stress triangle xy\, and ta xy acts 
upward, the stress x 1 must act from x toward 1, and the stress y 1 
from 1 toward y, as indicated in Fig. 32. 

At apex B, Fig. 31, since no load is at B, no stress occurs in the 
vertical member 1 2, and the stresses in y 1 and y 2 must then be 
equal and opposed in direction, as in Fig. 33. 

At apex C, Fig. 34, a single load acta downward, which ia laid 
off from a; to X in Pig. 35; the magnitude of stress a: 1 is known from 
Fig. 33, and the stresses x 3 and 2 3 are (ictermined by parallels to 
those members drawn through 1 and the lower x in Fig. 34. The 
direction of the stresses at C is determined as before. 

The stress polygons for the remaining apexes D to K are drawn 
in the same manner and present no difficulties. They are here 
illustratpci in Figs. 36 to 51. These are permanent stresses only. 

83. Oeaeral ConditionB. — The following points should be carefylly 
noted, as they are equally applicable to Cremona's method, soon to 
be described. 

1. Not more than two unknown stresses in members can be 
determined at any apex, since any method becomes indeterminate 
for three or more. 

2. Comparing the directions of the stresses at the different apexes, 
these must always be opposed at the ends of any member. 

84. Nature of Stress In Hember.— 3. 

F t .. ^ -. . ■ , ■ 1 F When the stresses in a member act 

from its middle toward its ends, the 

■.»£- 4- -' >-^ ' - member must be under longitudinal 

Fiu.M.-N,ii«n;otStre«e». Compression, -i.e., it is a strut, hke the 
member A B In Fig. 52. 
4. When the stresses in a member act from its ends toward its 
middle, it must be under longitudinal tension, i.e., it is a tie, as 
coin Fig. 52. 

Thus the magnitude and nature of the stress actii^ in any 
member are both easily determined by the science of Graphostatics. 
If the truss diagram be again drawn and the directions of the 
stresses at the apexes be indicated thereon, the result will be aa 
indicated in Fig. 53. It is evident that compression occurs in the 
entire upper chord and in the diagonals ; tension in the entire lower 
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ICb.4 



chord and the verticals, excepting in 1 2, in which no stress is here 
found, 

86. Stress Diagram by CremMia's Method. — Cremona devised 
the connoted stress diagram, which requires each stress line to be 




drawn but once, instead of twice, produces a connected (Hagram, 
that can be drawn more rapidly and with greater accuracy, because 
it can be checked in various ways. It is the method now universally 
used in practice. 

The truss diagram and loads of Fig. 21 are repeated in Fig. 54. 

Since the permanent and snow stress diagrams must here be 
sjTnmetrical for both halves of the truss, it is only necessary to draw 
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Ftos. 55. 56. — P. and S. Diagrams. 



these stress diagrams for the left half of the truss. Therefore the 
permanent load for half the truss, or 5.90 tons, is laid off on the 
vertical xy \n Fig. 55, which is dirided into 4 1/2 equal parts. 
Commencing at A, the stress linos x 1 and y I are drawn parallel 
to A' 1 and F I of Fig. 54, intersecting at 1 ; the point 2 coincidee 
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with 1, there being no stress in 1 2; through the next x and 2 are 
drawn x2 and 2 3, intersecting at 3; through y and 3 are drawn 
y 4 and 3 4, intersecting at 4, etc. The stress line 9 9' is here doubled 
in length because the vertical member 9 9' in Fig. 54 must support 
equal stresses transmitted from each half of the truss. 

The magnitudes of the stresses may then be measured and tlieir 
nature determined as by Culmann's method, producing the same 
results as shown in Fig. 53. 

86. Calculation of Snow Streisei. — The snow stress diagram 
may next be drawn as in Fig. 56, obtaining stresses of identical 
nature, but of magnitudes differing from those in Fig. 55. Since 
Figs. 55 and 56 must evidently be similar, the following proportion 
may be instituted: 

P : S : : permanent stress : snow stress, or 1.310 r 1.313 : : per- 
manent stress : snow stress in the same member. . (33) 
Thus the snow stresses may be obtained from the permanent stresses 
by the use of a good slide rule, or they may be computed by 
Crelle's or Zimmennann's tables or by logarithms. 

87. mnd Beacttous aDd.Streues. — Since the apex wind loads 
act at right angles to the surface of the roof and on one side only, 
it is evident that the reactions at the ends of the truss must be 
unequal, though their sum is equal to the total wind load, and that 




■Wind St[«HB Diagrotn. 



this must be divided between the end reactions by the equilibrium 
polygon, as previously explained in Art. 16, Chapter I. 

A half apex load acts at the ridge apex and at the left end apex, 
but the latter does not affect the stress diagram, unless expansion rolls 
or a slip plate is used under one end of the truss. 
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The truss diagram of Fig. 54 is repeated in Fig. 57. The wind 
loads are laid off in Fig. 58 perpendicular to the principal A K of 
Fig, 57 {Art. 16); by means of the equilibrium polygon is located 
the dividing point y on load line x x, the upper reaction y x being 
at A and the lower one x y being at B. The stress diagram is then 
easily drawn; the point 9 here falls on y 1, and x 9 must finally be 
parallel to the principal on the right side of the truss, as a cheek on 
accuracy. Other checks arc the following: 

88. CheckB on Accuracy-— 1- For the triangular truss. Fig, 54, 
the points 2, 3, 5, 7, and 9 lie on a straight line in Figs. 55, 56, and 58. 

2. Each alternate vertical cuts the y-line at the same point with 
an X-line. 

89. GeUlng Stress Diagram. — A plastered ceiling is here assumed 
to be supported by wooden joists, their ends Ix^ing supported by 
the wooden tie-beams of the truss, A matched floor is usually laid 

on the joists to protect the plastering from 
dust, but it here ha.-ii no live load upon it. 
Then A X (plastering + joists + floor) 
= 1.50 X (10 + 3 + 3)= 2,400 lbs. = 1.2 
to as. Total ceiling load on one-half 
truss = 1.20 + 4 1/2 = 5.40 tons. 

The stress diagram is then drawn for 
ceiling of the entire truss as in Fig. 59. 
90. Crane Stress Diagram. — Steel I- 
or channel-beams arc soinctinics suspended from the lower chords of 
the trusses at right angles to them, being attached at two apexes 
near the middle of the triLss. A travelling crane then rolls on these 
beams, on which may be suspended a heavy load at any point of its 
length. The truss will l>e most severely stressed when the crane 
is directly under it, \vith its maximum load at one end of the 
crane. This condition is assumed in Fig. 60. 

The track beams are suspended at C and 0; the crane is 20 ft. 
long and adds a maximum load of o tons, which is assumed to be 
at C. The reactions at A and B are found by the equilibrium polygon; 
the larger = yx at A and the Kmalh?r = xy at B. The stress 
diagram is easily complete<l as in Fig. 01. 

The ceiling and crane diagrams are most conveniently drawn 
separately, the stresses being entered on the stress sheet for the 
tniss, in order to ol>tain the total maximum and minimum stresses 
in the different members. 




ly Google 



Art. 911 



COMBINED STRESS DIAGRAMS 



35 



91. CombiiLed Stress I>iagram.~~The stress diagrams have been 
drawn separately, since the method is then more easily understood. 
But if permanent, snow, and wind loads are to be supported by the 
roof at the same time, as usually assumed in the United States, 




Streaa Diagrani. 



producing the maximum stresses in the members, a combined stress 
diagram may be drawn in most cases to save time. The minimum 
stresses usually occur under permanent loads alone. They are of 
the same nature as the maximum stresses, except for high or curved 
roofs, in which their nature is often reversed. 

■ Yet the use of separate diagrams is usually preferable, since the 
stress sheet always clearly gives the maximum and minimum stresses 
on each member and indicates a reversal of the nature of the stress. 

93. Cambtned Permanent, Snow, and Wind Stress Diagram. — 
Resume in Fig. 62 the truss and loads of Figs. 54 and 57. At oach 
apex of the upper chord is laid off the vertical sum of P and S loads; 
also the W load at right angles to the left principal with a half load 
at the upper apex; the resultant load at each apex is easily found by 
the triangle of forces, as indicated. 

Commencing at A, the successive apex resultants are laid off on 
the broken load line in Fig. 62 a, whose ends are then joined by a 
right line, which by the equilibrium polygon is divided at y into the 
upper reaction at A and the lower reaction at B. The entire stress 
diagram must be drawn, since the two halves are not similar. 

93. Combineil Permanent, Snow, Wind, and Ceiling Stxeas 
Diagram. — The broken load line in Fig. 62 b is identical with that in 
Fig. 62 a. After locating the dividing point separating the inclined 
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end reactions, a vertical line is drawn through this point, on which 
are laid off the ceiling loads, the middle of the central load being at 
the dividing point. Then instead of drawing the stress line y 1 
through the dividing point as in Fig. 62 a, it is drawn through the 
lower end of the ceiling load line. The stress line y 2 is drawn 




througii the next point on the same line. The completion of the 
diagram is sufficiently evident, 

94. Combined Peimanaot, Snow, Wind, Ceilins. and Crane 
Stress Diagram. — This diagram b similar to the last, excepting that 
the crane load is to be inserted at the proper apex in Fig. 63 in sodl 
manner that the two segments of the vertical crane load line may 
correspond to the end reactions for the ceiling and crane loads. This 
diagram saves time, but errors are more likely to occur, especially in 
trusses of complex types. 
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In any case of combined stress diagrams, it is best to commence 
at A and draw the diagram for left half of truss, then beginning 
at B and drawing that for the right half. As a check on accuracy, 
the middle stress line 9 9' must be parallel to the correspontling 
member 9 9' in Figs. 62 a, b, 63. 

96. Stress Sheet — After completing the separate stress diagrams, 
the magnitude of the stress in each member is measured by the scale of 
the diagram, and the nature of the stress is determined. The stresses 
are then tabulated on the stress sheet in separate columns for each 
kind of loading, using the sign — for compression and + for tension. 
For symmetrical trusses, it is only necessary to include one-half the 
truss in the stress sheet. 

The maximum stress in any member is usually taken by American 
ei^neers = the algebraic sum of the — or + stresses acting on it at 
the same time. 

The minimum stress is due to the permanent load alone, excepting 
on the leeward sides of some t>'pes of roofs, where the permanent 
stresses may be reduced or even reversed by the leeward wind stresses 
in the member. Both maximum and minimum stresses are easily 
computed on the stress sheet. 

These stress sheets are employed later in dimensioning the 
members of the same trusses, computing the total weight of the 
truss, and for correcting stresses in members and their dimensions, 
so as to accord with any differences between the assumed and 
actual weights of the truss. 

96. Ruled Form for Stress Sheet. — A " cash sales book " bound 
at the end is very convenient for tabulating the stresses and other 
data on two adjacent pages; this affords ample space for entering 
stresses, maximum and minimum stresses, centre lengths and 
dimensions of members, weights of members and their connections, 
re\'ised stresses, dimensions, and weights, as will be explained in 
later chapters. 

97. M^^ni""! and MlntTniim Stresses in Members. — The 
maximum stress on each member in the following stress sheets is 
here taken equal to the sum of the stresses due to the P, S, W, 
ceiling, and crane loads, in accordance with the usual American 
practice. 

But the author regards it as suffiicient to take the larger of the 
sums of P + iS or of P + IF stresses as this maximum stress in the 
member. This maximum is employed in later chapters. 
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The miQimum stress is usually the permanent stress alone. 
Note that the maximum stress in X 9 here occurs on the leeward 
side of the truss. Stresses aie always given in tons. 
98. 8tr«8H Sheet for Exan^e 1. — 



m™.«. 


P.«-." 


s.^ 


w^^jc,^ 


Cr 


SO 


Mulmum. 


UlBiona). 


A' 2 


- 16,6 


-16.6 


_ 


9.0 


-14,7 


-64,9 


-16.6T. 


X3 


-14.3 


-14.3 


— 


7-8 


-13.1 


— 


8,0 


-57.5 


-14.3 


X& 


-12.6 


- 12.6 


- 


6.5 


- 11.4 


- 


8-0 


-51 I 


-12.6 


X7 


-10.8 


-10.8 


— 


5.3 


- 9.8 


— 


8.0 


-44.7 


-10.8 


XQ 


- 9.0 


- 9.0 


— 


4.1 


- 8.1 


— 


5.4 


-36.6 


- 8.0 


Y2 


+ 14.9 


+ 14.9 


+ 


9.7 


+ 13-7 


+ 


7,6 


+ 60.8 


+ 14.9 


Y4 


+ 13.3 


+ 13.3 


+ 


8.1 


+ 12.2 


+ 


7-6 


+ 54.5 


+ 13.3 


Y6 


+ 11-7 


+ 11.7 


+ 


6-6 


+ 10.6 


+ 


7.6 


+ 48.2 


+ 11,7 


YS 


+ 10,0 


+ 10.0 


+ 


5,0 


+ 9.1 


+ 


7.6 


+ 41.7 


+ 10.0 


12 


+ 0.0 


+ 0,0 


+ 


0.0 


+ 0,0 


+ 


0,0 


+ 0.0 


+ 0.0 


34 


+ 0.7 


+ 0.7 


+ 


0.6 


+ 1.8 


+ 


0.0 


+ 3.8 


+ 0.7 


56 


+ 1.3 


+ 1-3 


+ 


1.3 


+ 2.4 


+ 


0.0 


+ 6.3 


+ 1.3 


78 


+ 2.0 


+ 2-0 


+ 


1,9 


+ 3.0 


+ 


5.0 


+ 13.9 


+ 2.0 


gs' 


+ 6.3 


+ 5-3 


+ 


2,6 


+ 6.0 


+ 


4,0 


+ 23.2 


+ 5-3 


23 


- ! 7 


- 1.7 


— 


1.7 


- 1.6 


— 


0-0 


- 6.7 


- 1-7 


45 


- 2.1 


- 2.1 


— 


2.0 


- 2.0 


— 


0.0 


- 8.2 


- 2.1 


67 


- 2.6 


- 2.6 


- 


2.4 - 2.3 


- 


0.0 


- 9.9 


- 2.6 


89 


- 3,1 


- 3 1 


- 


3,0 


- 2,9 


- 


4 9 


-17.0 


- 3,1 



Example 2, — Truss with Vertical Strutb 

99. Change! bom Example 1. — The truss in Fig. 64 has the same 
form, dimeiLsioDs, and loads as that in Figs. 60 and 62, except that 

its vertical members are to be struts instead of ties. Hence ite 
diagonals are reversed from those of Figs. 60 and 62, i.e., are the 
other diagonals of the trapezoidal panels of the truss. The truss is 
further not required to support ceiling and crane loads. This 
reversal of the diagonals changes the stresses in the verticals from 
tension to compression and those in the diagonals from compression 
to tension. This type of truss is then preferable for construction 
in steel, since the compression members are shorter and their resist- 
ances are increased accordingly, making this type more economical 
for steel. The respective stress diagrams are drawn as before in 
Figs. 65, 66, and 67, and the stress sheet is then made out in 
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the same form as before. Compare with Fig?. 55, 56, and 57, 
Art. 85. 

100. CooqMriBon of Stresi Dia^runB for Xianq>l«B 1 and 2. — 
Since the dimensions and loads are the same in both trusses, the 
diagonals alone being changed, the differences l>etween the stress 
diagrams relate chiefly to the verticals and diagonals, in which the 
nature and magnitudes of the stresses are changed. In Figs. 65, 66, 
and 67, the dotted members and stress lines are those of Article 85, 
the full lines being those of Article 99. For example, in Fig. 65, the 
trapezoid 12 3 4 corresponds to the second trapezoidal panel from 
left end A in the truss of Fig. 64, with diagonal 2 3 inclined toward 




64-07.— Diagonals Revcraod. 



the ridge of roof, excepting that it is rotated 180°, Hence it becomes 
evident that one system of diagonals may be changed to 
the other by merely drawii^ the other diagonals of the 
correspondii^ trapezoids of the stress diagram, without drawing 
new stress diagrams. 

101. Qunge in Web System and Stresi Diagram. — This method 
of easily chan{png from one system of diagonals to the other, without 
the necessity for drawing new stress diagrams, is very important, 
particularly when a series of radials, verticals, or diagonals is required 
to be struts or ties only, if possible, especially in trusses with curved 
chords or for cylindrical roofs. The positions of the diagonals may 
then be reversed, where necessary. 
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McmbCT. 


P.«t». 


s-t^ 


ir«».. 




UiBbBIUD. 


X 1 


-16.6 


-16.6 


- 9,0 


-42,2 


-!6.6 


X 2 


-16.6 


-16.6 


- 9,4 


-42,6 


-16.6 


X 4 


-14-3 


-14-3 


- 8,2 


-37.8 


-14.3 


X 6 


-12.6 


-12-6 


- 6,9 


-32,1 


-12.6 


X 8 


-10.8 


-10 8 


- 5-7 


-27 3 


-10.8 


Y I 


+14.9 


+ U-9 


+ 9,7 


+39-5 


+14.9 


y 3 


+13.3 


+13,3 


+ 8,1 


+34-7 


+13.3 


Y 5 


+ 11,7 


+11.7 


+ 6,5 


+29,9 


+ 11.7 


Y 7 


+ 10.0 


+10,0 


+ 4,9 


+24,9 


+10.0 


Y 9 


+ 8.4 


+ 8,4 


+ 3,3 


+20,1 


+ 8.4 


1 2 


- 1,3 


- 1,3 


- 13 


- 3.8 


- 1-3 


3 4 


- 1.9 


- 1,9 


- 1,9 


- 5,7 


- 1.9 


5 6 


- 2.7 


- 2,7 


- 2,5 


- 7,9 


- 2.7 


7 8 


- 3.3 


- 3,3 


- 3,2 


- 9,8 


- 3.3 


fl 9' 


- 0.0 


- 0,0 


- 0.0 


- 0.0 


- 0.0 


2 3 


+ 2-1 


+ 2,1 


+ 2,0 


+ 6.2 


+ 2.1 


4 5 


+ 2-5 


+ 2,5 


+ 2,5 


+ 7.5 


+ 2.3 


6 7 


+ 3-2 


+ 3,2 


+ 3,0 


+ 9.4 


+ 3.2 


89 


+ 3-7 


+ 3,7 


+ 3,6 


+11.0 


+ 3.7 



103. 8tr«» Sheet for Zzanqil* 3.— Entirely of Sted 




M™b«. 


p*™. 


s^t™. 


R-rt™. 




Minimum. 


,V 1 


-15.8 


-16 6 


- 9,0 


-41-4 


-15.8 


A' 2 


-15. S 


-16,6 


- 9,4 


-41.8 


-15.8 


X 4 


-13,6 


-14,3 


- 8,2 


-36.1 


-13.6 


A- 6 


-12.0 


-12,6 


- 6,9 


-31.5 


-12.0 


X 8 


-10,3 


-10,8 


- 5.7 


-26.8 


-10.3 


Y I 


+14,2 


+ 14,9 


+ 9,7 


+38.8 


+14.2 


r 2 


+14,2 


+U,9 


+ 9,7 


+38.8 


+14.2 


Y 3 


+12,7 


+13.3 


+ 8,1 


+34-1 


+12.7 


r 5 


+11,2 


+11,7 


+ 6 5 


+29-4 


+ 11.2 


Y 7 


+ 9.5 


+10,0 


+ 4-9 


+24.4 


+ 9.5 


r 9 


+ 8.0 


+ 8.4 


+ 3.3 


+19.7 


+ 8.0 


1 2 


- 1,2 


- 1,3 


- 1,2 


- 3.7 


- 1.2 


34 


- 1,8 


- 1,9 


- 1,0 


- 5,6 


- 1.8 


5 6 


- 2,6 


- 2,7 


- 2,5 


- 7.8 


- 2.6 


7 8 


- 3,1 


- 3 3 


- 3.2 


- 9,6 


- 3.1 


9 9' 


+ 0,0 


+ 0,0 


+ 0,0 


+ 0,0 


+ 0.0 


2 3 


+ 2,0 


+ 2,1 


+ 2,0 


+ 6,1 


+ 2.0 


4 5 


+ 2-4 


+ 2,5 


+ 2,5 


+ 7.4 


+ 2-4 


6 7 


+ 3.1 


+ 3,2 


+ 3.0 


+ 9,3 


+ 3-1 


8 9 


+ 3,5 


+ 3.7 


+ 3,6 


+10.8 


+ 3.5 
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Ex. 3| FINK TRUSS WITH EIGHT PANELS 41 

It b more convenient to construct the truss in Example 2 entirely 
of steel shapes instead of wooden timbers and diagonal steel ties. 
Then P = 1.249 and the permanent stresses in the members are 
reduced in the proportion: 1.310 : 1,249 : : permanent stresses in 
Example 2 : permanent stresses, if truss is entirely of steel. The 
stress sheet is then as given for Example 3. 

Example 3. — Fink Truss with 8 Panels 

104. DsBCr^rtion. — The Fink truss in Fig. 68 is frequently em- , 
ployed for steel trusses, because the members in compression are 
relatively short, all the longer members being in tension. Connec- 
tions at the jointe are easily made by pins or gussets and rivets; the 
truss appears light and is probably the lightest of all types. But 
the number of panels in a true Fink truss must be 4, 8, 16, 32, etc, 

106. Programme. — Fink type, as in Fig. 68: span 100 ft.; rise 
20 ft.; 8 panels; materials, steel truss, shortlcaf pine lumber; cover- 
ing of painted tin on 7/8-inch sheathing; 2-inch rafters; wooden 
purlins; trusses, 15 ft. on centres; location at Chicago, latitude 
about 42° north; ordinary exposure; no ceiling. 

106. Dimensions. — 

20 
Tan i = — = 0.4000 = tan 21.8°; 
oO 

;-i5°.,2.50,t, r--^.- 13.46 tt. 

8 ' COS 21.8 

A = 13.46 X 15.00 = 201.90 sq. ft. = apex and purlin areas. 

107. Ap«i Loads. — 
J. _ 

' 12600 " 
Snow = 2.5 (42" - 35°) = 17.50 lbs. per horizontal sq. ft. 

2 
Wind = Y ^ 21.38" = 14.53 lbs. per inclined sq. ft. 

P = 201.9 (2 + 3 + 3 + 3 + 4.794 cos 21.8°) = 3119 Iba. - 
LSeOtons. -^ 

S = 201.9 (^^50 008 21.8°) = 3281 lbs. = 1.641 tons. 
W= 201.9 X r*.53 = 2934 lbs. = 1.467 tons. 

108. Total Load^ Half Tni».— 
Permanent load =-1.560 X 3 1/2 = 5.46 tons. 

Snow load = 1.641 X 3 1/2 = 5.74 tons. 
Wind load = 1.467 X 3 1/2 = 5.13 tons. 



ly Google 



42 



STRESSES BT GRAPHOSTATICS 



[Cb. 



109. Stress Diagrams. — In the trussdiagrani,Fig.68,themeiiibem 
1 2, 3 4, ami 5 G Jire always to be made perpendicular to the principaL 
Lower chord is iiorizuatal. 

The permanent stress diagram in Fig. 69 present* no difficultjf 
until the member 3 4 is reached. Three unlcnown stresses act s 
each apex connected by this member, and the problem at first appears 
indeterminate. But on inspection of the tru.ss and stress disgram^^ 




i:^ with KUlit Panel) 



c 



it is evident that the stresses in the niemlwrs 2 3 and (^4 muat 
equal; also those in 1 2 and 5 6; further that the stress line 
mu.st be drawn parallel to the member 3 4 and also perpendicul^ 
the principal. 

If a line 1 6 be traced in Fig. 69 perpendicular to x 1, it is at M 
evident that the point 5 at the intersection of 1 6 and x 5 is the Hi 
point through which 5 4 can be drawn, to equal 2 3 and also 
parallel to the member 5 4 in Fir. 68. The point* 6, 4, and 7 al 
lie on ii straight line parallel to the members 4 7 and 6 7 in l"lg. ( 

The snow stress diagram is entirely similar in form in Fig. TO. 

The wind stress diagram in Fig. 71 is drawn in the name manm 
after locating the dividing point y on the inclined load line by mi 
of Ihe equilibrium polygon. 

The maximum stresses in the inerabere might also be oi 
by a combined stress diagram for all the loads on the truss, as she 
in Example 1, Fig. 62 n. Or such a diagram might be used 
chctjting the maximum stresses found by computation on the tsti 
sReet. 



rtNK TRUSS WITH SIXTEEN PANELS 



110. StresB Sheet for Ezample 3.— 






Umhw. 


P-«t«» 


S-ttmt. 


W-w«» 




_„™... 


X I 


-14.7 


-15.5 


- 8.6 


-38.8 


-14.7 


X 2 


-14.1 


-14.9 


- 8.6 


-37,6 


-U.l 


X& 


-13-5 


-14.3 


- 8.6 


-36.4 


-13.5 


X 6 


-13.0 


-13.7 


- 8.6 


-35.3 


-13.0 


Y I 


+13.6 


+14.4 


+ 9.3 


+37.3 


+13 6 


Y3 


+11.7 


+12,4 


+ 7.2 


+31.3 


+ 11.7 


r 7 


+ 7,7 


+ 8.3 


+ 3.3 


+19,3 


+ 7.7 


1 2 


- 1.5 


- 1.5 


- 1.5 


- 4.5 


- 1,5 


3 4 


- 2.9 


- 3.1 


- 3.9 


- 9.9 


- 2.9 


5 6 


- 1.5 


- 1.5 


- 1.5 


- 4.3 


- 1.5 


23 


+ 2.0 


+ 2.1 


+ l.O 


+ 5.1 


+ 2,0 


4 5 


+ 2.0 


+ 2.1 


+ 1.0 


+ 5.1 


+ 2,0 


4 7 


+ 4.0 


+ 4.1 


+ 4.0 


+12.1 


+ 4.0 


6 7 


+ 5.9 


+ 6.1 


+ 6.0 


+ 18.0 


+ 5.9 


7 7 


+ 0.0 


+ 0.0 


+ 0,0 


+ 0,0 


+ 00 



Example 4. — Fink Truss with 16 Panels 

This Fink truss of 16 panels would be leas economical than one 
with 8 panels, unless employed for a much larger span than the last, 
on account of the increased number of connections of the members. 

111. PTogranune. — Fink type of truss, as in Fig. 72: span, 128 
ft.; rise, 25.6 ft.; 16 panels; materials, steel; covering of painte<l 
tin on 7/8-inch white pine sheathing; rafters of single steel channels; 
purlins each composed of two channels latticed together; trusses, 
16 ft. on centres; location at St. Paul, Minn.; latitude alx>ut 45° 
north; ordinary exposure; rolls under one end of truss. 

113. DimensUmB. — 



_ J2» 



cos 21 .8° 

A = 8.62 X 16.00 = 137.92 sq. ft.= apex and purlin areas. 
113. ,^ez Loads.— 



Truss = 

Snow = 2.5 (45* 



128 128= 
25 12600 ' 



6.43 lbs. per horizontal sq. ft. 
= 25.00 lbs. per horizontal sq. ft. 
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Wmd = 



r X 21.8" 



14.53 lbs. per horizontal sq. ft, 

3 + 3 + 6.43 cos 21.8") = 2341 lbs. 



P = 137.92 (2 
1.171 tons. 

S = 137.92 (25.00 cos 21.8=) = 3201 lbs. = 1.601 tons. 

W = 137.92 X 14.53 = 2004 lbs. = 1.002 tons. 

114. Total Load on Half TruBS.— 

Permanent load = 1.171 X 7}^ = 8.78 tons. 
Snow load = 1.601 X~H = 12.01 tons. 
Wind load = 1.002 X 7H = 759 tons. 

116. Str«a8 Diagrams. — ^The permanent, snow, and wind stress 
diagrams are drawn as in Figs. 73, 74, and 75. The line 1 14 is traced 
perpendicular to x 1 and through 1 in each, and on it He the stress 
lines 1 2, 5 6, 9 10,. and 13 14. The stress lines 3 4, 11 12, and 7 8 
are parallel to' 1 14; the lines 6 4 7 and 14 12 S 15 are parallel to the 




2-75.— Fink Tnias with 



member 8 15. The completion of the stress diagrams is sufficiently 
apparent. No stress appears in the vertical 15 15. The stress 
line 15 x in Fig. 75 must be found parallel to the right-hand principal, 
as a final check. 

116. Changes Due to Xzpansicni Rolls. — In the wind stress 
diagram, Fig. 75, produce load line upward by half load supported 
at .4 ; drop vertical through end to cut y-lme at y'; erect vertical 
through lower end of load line to cut y-Hae at y". The y-etmssea 
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are to be measured from y', when rolls are at windward end of the 
truss; from y", if they are at the leeward end. Hence measure 
them from y" to obtain their maximum values. Stresses in other 
members are not affected by the rollers. 

117. Stress 8he«t tor Ixample 4. — Kolis at end of truss. 



M™b«. 


P-m™» 


SHRrea. 


W-.lr™. 


Muimum. 




X 1 


-23.9 


-32.2 


-13.2 


-69 3 


-23,9 T. 


.Y 2 


-23.4 


-31.7 


-13,2 


-68,3 


-23.4 


,V 5 


-23,0 


-31.1 


-13,2 


-67,3 


-23.0 


A' 6 


-22.7 


-30.5 


-13,2 


-66,4 


-22,7 


A- 9 


-22.2 


-29.9 


-13,2 


-65.3 


-22,2 


X 10 


-21.7 


-29,3 


-13,2 


-64,2 


-21,7 


X 13 


-21,3 


-28,7 


-13 2 


-63,2 


-21,3 


A- 14 


-20.8 


-28,1 


-13,2 


-62.1 


-20,8 


r 1 


+22.2 


+29,9 


+ 15,0 


+67,1 


+22,2 


YZ 


+20.6 


+27.9 


+13,7 


+62,2 


+20,6 


Y 7 


+ 17.7 


+24,0 


+ 12,0 


+53.7 


+ 17,7 


Y 15 


+11.8 


+ 15,9 


+ 5,5 


+33.2 


+ 11,8 


I 2 


- 1.1 


- 1,5 


- 1.0 


- 3.6 


- 1,1 


3 4 


- 2-2 


- 2.9 


- 2.0 


- 7.1 


- 2,2 


5 6 


- 1.1 


- 1.5 


- 1.0 


- 3.6 


- 1.1 


7 8 


- 4-3 


- 6.0 


- 4.0 


-14.3 


~ 4,3 


9 10 


- I.l 


- 1.5 


- 10 


- 3,6 


- 1.1 


n 12 


- 2.2 


- 3,0 


- 2,0 


- 7,2 


- 2,2 


13 14 


- 1.1 


- 1.6 


- 1,0 


- 3,6 


- 1,1 


2 3 


+ 1.5 


+ 2.0 


+ 1,4 


+ 4,9 


+ 1.5 


4 5 


+ 1.5 


+ 2,0 


+ 1,4 


+ 4,9 


+ 1,5 


4 7 


+ 3-0 


+ 3,9 


+ 2,8 


+ 9,7 


+ 3,0 


76 


+ 5.6 


+ 5,9 


+ 4,2 


+ 15.7 


+ 5,6 


89 


+ 4,5 


+ 6.0 


+ 4,2 


+14,7 


+ 4,5 


8 11 


+ 3.0 


+ 3,9 


+ 2,8 


+ 9,7 


+ 3,0 


8 15 


+ 5,9 


+ 8,2 


+ 5,5 


+19,6 


+ 5,9 


10 11 


+ 1.5 


+ 2,0 


+ 1,3 


+ 4,8 


+ 1,5 


12 15 


+ 8.8 


+ 12,1 


+ 8,3 


+29,2 


+ 8,8 


12 13 


+ 1.5 


+ 2,0 


+ 1.4 


+ 4,9 


+ 1,5 


14 15 


+ 10.4 


+14,0 


+ 9.7 


+34,1 


+10,4 


15 15 


+ 0.0 


+ 0.0 


+ 0,0 


+ 0.0 


+ 0.0 
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Example 5. Fink Truss op 16 Panels with 
Raised Lower Chord 

Resume the truss and its loads of Elxample 4, excepting that 
the lower chord is raised 2.00 ft. at the middle of its length. 

1X8. Sbreii DiagnuoB.— The permanent, snow, and wind stress 
diagrams are drawB as for Example 4, but since the lower chord is 




FiUB. 7(1-79.— Fink Tnisi with Cmnljered Chord. 



eairil»ero(I at the middle, a atrvufi will be found in the member 15 15', 
as indicated in Figs. 77, 78, and 79, 

119. Changes Due to Eqiansion Rolls.^ — In the wind stress 
diagram, Fip. 79, the dividing point on the load line is first obtained 
by tlie equilibrium polygon; through this point is drawn a horizontal 
line, which is intersected at y bj' a vertical through upper end of 
load line and at j/' by a vertical through its lower end. For rolls 
at windward end of truss, ciraw j/-lines through y; for rolls at lee- 
ward end, draw y-Iint-s through y'. This produces two overlying 
«tr('ss diagrams, an in Fig. 79. The maximum wind stresses in the 
figure a,T<: to be measurctl and entered on the stress sheet, since the 
rolls might be at either windward or leeward end of the truss. 

120. Effect of Raising Lower Chord.^According to previous 
inv<rMtigations by the author, and bj' comparison of stress sheets 
■1 and 5, it Im at onco apparent that the stro-ssos in the upper and 
lower chords have l>een materially increased by cambering the lower 
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chord. The same would be true in a lesser degree, if the rise of the 
upper chord were at the same time increased, so as to make the 
depth of the truss at the middle the same in both casea. 

Therefore it is more economical to make the lower chord straight 
and horizontal, there being no gain in cambering it, except by pro- 
ducing a somewhat lighter appearance of the truss. 

i20». StreiB Sieet for Ixan^le 5. — 



M«oh«. 


P--t™-. 


S-«r«.. 


H'-n™. 




Minimum. 


X 1 


-25 7 


-35.1 


-14.7 


-75,5 


-25-7 


X 2 


-25,3 


-34 5 


-14.7 


-74.5 


-25-3 


X 5 


-24-9 


-33.9 


-14,7 


-73.5 


-24.9 


xe 


-24.4 


-33,3 


-14.7 


-72.4 


-24.4 


X 9 


-24.0 


-32,7 


-14.7 


-71,4 


-24.0 


X 10 


-23.5 


-32,1 


-14.7 


-70.3 


-23.5 


X 13 


-23.1 


-31.5 


-14,7 


-69.3 


-23.1 


X 14 


-22.7 


-30-9 


-14-7 


-68.3 


-22,7 


Y 1 


+23.9 


+32,6 


+16.4 


+72.9 


+23-9 


^3 


+22.3 


+30,4 


+ 15.0 


+67.7 


+22.8 


y 7 


+19-0 


+25,9 


+12,2 


+57.1 


+ 19.0 


Y 15 


+ 12.7 


+17,0 


+ 6.2 


+35,9 


+ 12.7 


1 2 


- 1.1 


- 1.5 


- 1.0 


- 3.6 


- i.i 


3 4 


- 2.2 


- 3.0 


- 2-0 


- 7,2 


- 2-2 


5 6 


- 1-1 


■ - 1.5 


- 1.0 


- 3.6 


- 1.1 


7 8 


- 4 3 


- 6,1 


- 4.1 


-14.5 


- 4.3 


9 10 


- 1.1 


- 1.5 


- 1,0 


- 3.6 


- 1.1 


11 12 


- 2.2 


- 3,0 


-- 2-0 


- 7-2 


- 2.2 


13 14 


- 1,1 


- 1,5 


- 1.0 


- 3.6 


- 1.1 


2 3 


+ 1.6 


+ 2,2 


+ 1.5 


+ 5.3 


+ 1.6 


4 5 


+ 1.6 


+ 2.2 


+ 1.5 


+ 5.3 


+ 1.6 


4 7 


+ 3.3 


+ 4.5 


+ 2.9 


+10.7 


+ 3.3 


6 7 


+ 4.9 


+ 6.7 


+ 4,4 


+ 16 


+ 4.9 


89 


+ 4.9 


+ 6.7 


+ 4.4 


+ 18.0 


+ 4.9 


8 11 


+ 3.3 


+ 4.5 


+ 2.9 


+ 10.7 


+ 3.3 


8 15 


+ 6.3 


+ 9.0 


+ 6,0 


+21.3 


+ 6,3 


10 11 


+ 1,6 


+ 2.2 


+ 1.5 


+ 5.3 


+ 1.6 


12 15 


+ 9,6 


+ 13.5 


+ 8.9 


+32,0 


+ 9,6 


12 13 


+ 1.6 


+ 2,2 


+ 1,5 


+ 5.3 


+ 1.8 


14 15 


+ 11-2 


+15 6 


+ 10 4 


+37.2 


+11,2 


15 Id' 


+ 0-9 


+ 1.0 


+ 0.5 


+ 2.4 


+ 0,9 
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Example 6. Modified Fink Truss with 10 PiUfELS 

This modified type in Fig. SO may be used when the number of 
panels is required to be 10 instead of 8, 16, etc. 

121. Programme. — Truss of type in Fig. 80: span, 100 ft.; rise 
of upper chord, 20 ft.; rise of lower chord, 1.5 ft.; 10 panels; mate* 
rials, steel truss and longleaf pine rafters and purlins; coTering of 
painted tin on 7/8-inch sheathing, 2-ineh rafters; wooden purlins; 
trusses 15 ft. on centres; location at Omaha, Neb.; latitude about 
41" north; medium exposure; no rolls. 

122. Dimensions. — 

Tani = 55 = 0.4000 = tan 21.8°. 

,-J^.io.oof.. V. • 



COS 21.8° ~ ■ 
A = 10.77 X 15.00 = 161.55 sq. ft. = apex area. 

123. Apex Loads. — 

- Trt^ = ^-794 lbs. per horizontal sq. ft. 

Snow = 2.5 (41° - 35°) = 15.00 lbs. per horizontal sq. ft. 

Wind = — X 21.8" = 19.36 lbs. per inclined sq. ft. 

P = 161.55 (2 + 4 + 4 + 3+ 4.791 cos 21.8") = 2819 lbs. - 
1.410 tons. 

S = 161.55 (15.00 cos 21.8") = 2250 lbs. = 1.125 tons, 
ir = 161.55 X 19.36 = 3128 lbs. = 1.564 tons. 

124. Total Loads on Half Truss. — 
Permanent load = 1.410 X 4H = 6.35 tons. 

Snowloatl = 1.125 X 4}^ = 5.07 tons. 

Wind load = 1.564 X 4^ = 7.04 tons. 
126. Stress Diagrams. — The permanent, snow, and wind stress 
diagrams arc shown in Figs. 81, 82, and 83. No difficulty occurs 
until the point 6 is to be located. It is evident that it must lie on 
the stress line 5 6 midway between the stress lines x 7 and z 8, to 
make the stross lines 6 7 and 6 8 equal, and also that the points 8, 
6, and 9 may lie on a straight line parallel to the members 6 7 and 
8 9. Since the lower chord is cambered, there will be a tensile strees 
in the middle vertical 9 9'. The snow stresses may be computed 
from the permanent stresses in the manner previously indicated. 
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126. Stresa Sh««t for Exuiqjle 6. — 



" 


,^ 


s.^ 


w^^ 


Muimum. 


M.=i»™. 


X 1 


-18.7 


-14,9 


-13,1 


-46.7 


-18.7 


X2 


-18.2 


-14,5 


-13,1 


-45,8 


-18.2 


Xi 


-15.9 


-12,6 


-10 9 


-39.4 


-15.9 


X7 


-H.7 


-11,6 


-10,2 


-36.5 


-14.7 


X 8 


-14.2 


-11.2 


-10,2 


-35.6 


-14.2 


¥ 1 


+17.4 


+13.9 


+ 13.9 


+45.2 


+17-4 


ra 


+15.5 


+12,3 


+11,7 


+39.5 


+15.5 


y 5 


+13,6 


+10,8 


+ 9,3 


+33.7 


+13.6 


KB 


+ 9.7 


+ 7.8 


+ 4,8 


+22,3 


+ 9.7 


1 2 


- 1.3 


- 1,1 


- 1,5 


- 3.9 


- 1.3 


3 4 


- 2.0 


- 1,6 


- 2,4 


- 6.0 


- 2,0 


56 


- 3,3 


- 2,6 


- 3,9 


- 9.8 


- 3.3 


7 8 


- 1.3 


- 1,1 


- 1,5 


- 3.9 


- 1.3 


23 


+ 1.9 


+ 1,6 


+ 2,3 


+ 5.8 


+ 1.9 


4 5 


+ 2,3 


+ 1,8 


+ 2,7 


+ 6,8 


+ 2,3 


6 7 


+ 1.4 


+ 1.1 


+ 1.5 


+ 4.0 


+ 1.4 


6 9 


+ 4.2 


+ 3,3 


+ 2.4 


+ 9.9 


+ 4.2 


8 9 


+ 5.6 


+ 4,3 


+ 6.5 


+16,4 


+ 5.6 


"■ 


+ 0.6 


+ 0.6 


+ 0.3 


+ 1-4 


+ 0,6 



Example 7. — Unsymmetrical Fink Trds8 

127- DeuT^itltni. — A roof is sometimes required to have slopes 
of equal or unequal inclination, but of different lengths and resting 




—Fink Traaa with Ten Panela; Cambereu. 

on walls of different heights, as in Fig. 84. It then becomes necessary 
to draw complete permanent and snow stress diagrams, as well as 
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complete wind stress diagrams for the wind acting an each side of 
the roof. Owing to the large span in this case, the rolls must be 
tried at both windward and leeward ends of the truss. 

128. Programme. — Type of truss as in Fig. 84: span, 150 ft; 
rise 20 ft. above higher and 40 ft. above lower end centres of truss, 
making 20 ft. difference in the height of the two ends and the walls; 
ridge, 100 ft. distant horizontally from lower end and 50 ft. frwQ 
higher end centres of truss; slopes of equal inclination; material, 
steel; covering of painted tin on 7/8-inch longleaf pine sheathing; 
steel rafters and purlins; steel trusses with rolls under one end; 
trusses, 20 ft. on centres; location at Urbana, III., latitude about 
40 1/8' north; medium exposure. 

139. Dimenslims. — 

40 

100 



cos 21.8° 

A = 13.46 X 20.00 = 269.20 sq. ft. = apex area. 
130. Ap«x Loads. — 

Truss = -ZT- + T^JTj^ = 7,79 lbs. per horizontal sq. ft. 
Snow = 2.5 (40. 13" - 35°) = 12.81 lbs. per horizontal sq. ft. 



P = 269.20 (2 + 4 + 3+3 + 7.79 cos 21.8") = 5180 Ibe. = 

2.590 tons. 
S = 269.20 (12.81 cos 21.8°) = 3201 lbs. = 1.602 tons, 
ir = 269.20 X 19.36 = 5212 lbs. = 2.606 tons. 
131. Total Loads on Entire Truss. — 
Permanent load = 2.590 X 11 = 28.49 tons. 

Snow load = 1.602 X 11 = 17.62 tons. 

Wind load = 2.606 X 7 1/2 = 19.55 tons on long slope. 

Wind load = 2.606 X 3 1/2 = 9.12 tons on short slope. 
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These wind loads act alt€mately on the two slopes of the roof 
and not at the same time. 

132. Streu Diagrami. — The permanent stress diagram is drawn 
in Fig. 85 for the entire truss, since the stresses in the 
left and right members are unequal in this case. The snow 
stress diagram is similar in form in Fig. 86, or the stresses 
may be obtained by the proportion : 2.590 : 1.602 : ; permanent 
stress : snow stress. 

133. Two WinA Strsu Oiagrama Requir«d. — Since the wind 
may act on either slope and the expansion rolls may be placed under 




FioB. 81-88.— Fink Truss with Unequal Sides. 

either end of the truss, separate wind stress diagrams are required 
in Fig. 87 for wind on long slope and in Fig. 88 for it on the short 
slope. The dividing point in Fig. 87 is found as before, and the line 
yy' is then drawn through it parallel to the lower chord; the load 
line is extended upward by the half load at left end; verticals are 
then drawn through ends of load line to intersect the inclined line 
at y and i/. The wind stresji diagram is then easily completed. 
The diagram in Fig. 88 is drawn in the same manner for the wind 
acting on the short slope. The larger wind stresses are measured 
from the point y' in Fig. 87 and from y in Fig. 88. 
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131. Streai Sieet for Zzao^de 7. — 



M^b-. 


P-tUtm. 


S-«™b. 


w-.^ 


Mudmum. 




X 1 


-57.9 


-35,6 


-47.8 


-141.3 


-57.9 


X 2 


-56.9 


-35.0 


-47.8 


-139,7 


-56.9 


X 5 


-56.0 


-34.4 


-47.8 


-138.2 


-56.0 


X a 


-55.0 


-33.8 


-47,8 


-136.6 


-55.0 


X 9 


-54,0 


-33.2 


-47.8 


-135.0 


-54.0 


X 10 


-54.0 


-32.6 


-47.8 


-134.4 


-54.0 


X 13 


-54.0 


-32.0 


-47.8 


-133.8 


-54.0 


X 14 


-54.0 


-31,5 


-47,8 


-133-3 


-54.0 


X 17 


-26.6 


-16,3 


-15,3 


- 58,2 


-26.6 


X 18 


-27,6 


-16,9 


-15,3 


~ 59,8 


-27.6 


X 21 


-28.6 


-17,5 


-15,3 


- 61,4 


-28,6 


X 22 


-29.5 


-18,0 


-15,3 


- 62.8 


-29.5 


r 1 


+54.2 


+33,3 


+52.1 


+139.6 


+54.2 


Y 3 


+49.4 


+30.3 


+46.8 


+126.5 


+49.4 


Y 7 


+39.8 


+24,3 


+36,0 


+100,1 


+38,8 


Y 15 


+20.1 


+12,3 


+ 14,4 


+ 46,8 


+20.1 


r 20 


+24.9 


+15,4 


+14,4 


+ 54.7 


+24.9 


r 22 


+27,6 


+16.9 


+ 15.4 


+ 59,9 


+27.6 


1 2 


- 2.4 


- 1.5 


- 2.7 


- 6.6 


- 2.4 


3 4 


- 4.8 


- 3,0 


- 5,3 


- 13.1 


- 4.8 


5 6 


- 2.4 


- 1,5 


- 2,7 


- 6.6 


- 2.4 


7 8 


- 9.5 


- 6,0 


-10,6 


- 26.1 


- 9.5 


9 10 


- 2.4 


- 1,5 


- 2,7 


- 6.6 


- 2.4 


11 12 


- 4,8 


- 3-0 


- 5.3 


- 13.1 


- 4.8 


13 14 


- 2.4 


- 1.5 


- 2,7 


- 6.6 


- 2.4 


17 18 


- 2.4 


- 1.5 


- 2,7 


- 6.6 


- 2.4 


19 20 


- 4.8 


- 3.0 


- 5,3 


- 13.1 


- 4.8 


21 22 


- 2.4 


- 1.5 


- 2,7 


- 6.6 


- 2.4 


2 3 


+ 4.8 


+ 3.0 


+ 5,3 


+ 13.1 


+ 4.8 


4 5 


+ 4,8 


+ 3.0 


+ 5.3 


+ 13.1 


+ 4.8 


4 7 


+ 9.7 


+ a.o 


+10-8 


+ 26.1 


+ 9.7 


6 7 


+14.6 


+ 9-0 


+16.1 


+ 39.7 


+14.6 


8 8 


+14-6 


+ 9.0 


+16.1 


+ 39.7 


+14.6 


8 11 


+ 9.7 


+ 6.0 


+10,8 


+ 26.5 


+ 9.7 


8 15 


+19.6 


+12.0 


+21,7 


+ 53.3 


+19.6 


10 11 


+ 4.8 


+ 3.0 


+ 5.3 


+ 13.1 


+ 4.8 


12 15 


+29.4 


+ 18.0 


+32,6 


+ 80.0 


+29.4 


14 15 


+34.5 


+21.2 


+37.8 


+ 93.5 


+34.6 


12 13 


+ 4.8 


+ 3.0 


+ 5.3 


+ 13.1 


+ 4.8 


15 16 


+ 0.0 


+ 0,0 


+ 0.0 


+ 0.0 


+ 0.0 


16 17 


+ 7,5 


+ 4.6 


+ 8.0 


+ 20.1 


+ 7.5 


16 19 


+ 5,0 


+ 3.1 


+ 2.5 


+ 10-6 


+ 5.0 


18 19 


+ 2.6 


+ 1.5 


+ 2-6 


+ 6.7 


+ 2.6 


20 21 


+ 2.6 


+ 1.5 


+ 2.6 


+ 6.7 


+ 2.6 
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Example 8.— A Mansard Truss 

13G. Descr^ition. — Each side of a mansard roof is here composed 
of two slopes of different inclinations, the steeper one sometimes 
being slated or tiled, the upper one or deck being covered with tin 
or felt and gravel. 

136. Prognunma. — Truss of type in Fig. 89: span, 100 ft.; rise, 
20 ft. at ridge and 16 ft. at edge of deck roof; 10 paneb; materials, 
steel truss and longleaf pine lumber; covering of painted tin on 7/S- 
inch sheathing; wooden rafters and purlins; trusses, 15 ft. on 
centres; location at Boston, about 42}^° north latitude; medium 
exposure. 

137. DimauBionB. — 

Let i' = inclination of side slope; i" = inclination of deck slope. 

16 4 

Tani'=— =0.8000 = tan 38.7"; tan i" = — = 0.1333= tan 7.6°. 

,-. J^. 12.81 ft, ,..^»^„.. 0.09 ft. 
COS 38.7 ' cos 7.6° 

A' = 12.81 X 15.00 = 192.15 sq. ft. = side apex area. 

A" = 10.09 X 15.00 = 151.35 sq. ft. = deck apex area. 

138. Ap«z Loads. — 

Truss = 4,794 lbs. per horizontal sq. ft., as before. 
Snow = 2.5 (42.5°) = 18.75 lbs. per horizontal sq. ft. 

Wind on side = "^ X 38.7° = 34.40 lbs. per inclined sq. ft. 

Wind on deck = -q- ^ ^■^° ^ ^-^^ "^- P^"" '"'^•'"^ ^q. ft. 

Loads for side. 
P = 192.15 (2 + 4 + 3 + 3 + 4.794 cos 38.7°) = 2640 lbs. - 

1.320 tons. 
S = 192.15 (18.75 cos 38.7°) = 2809 lbs. = 1.405 tons. 
W = 192.15 X 34.40 = 6610 lbs. = 3.305 tons. 

Loads for deck. 
P = 151.35 (2 + 4 + 3 + 3 + 4.794 cos 7.6") = 2384 lbs. = 

1.192 tons. 
S - 151.35 (18.75 cos 7.6°) = 2827 lbs. = 1.413 tons. 
W = 151.35 X 6.76 = 1023 lbs. = 0.517 ton. 
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139. Total Loads on Half Truss. — 

Permanent loads = 1.320 X IH + 1-192 X 3 - nM tons. 
Snow loads = 1.405 X IM + 1-413 X 3 = 6.35 tons. 
Wind loads on side = 3.305 X IH = 4.96 tons. 
Wind loads on deck = 0.517 X 3 = 1.55 tons. 

140. Stress Diagrams. — Since the apex permanent loads are 
larger for the sides than for the deck, and the apex snow loads are 
practically equal for both side and deck, separate stress diagrams must 
be drawn for permanent, snow, and wind loads. The nature of the 
stresses in the web members is found to differ beneath sides and 
deck, as apparent from the stress diagrams and stress sheet. The 



■ \5 'A- Ao '^7H^'~/---^'-r^^ 




Fios. S9-92.— Mansarfi Roof Ti 



stresses in 7 8 and 6 7 are also here found to reverse under the wind 
pressure. Hence this truss should be constructed of steel, which 
will also produce the best appearance, if it be visible in the interior 
of the building. 

141. Small Stresses in Web Members. — The stresses in the web 
members are found to be very small, since this truss approximates 
to a parabola in form, with vertex at the ridge; if the apexes of a 
parabolic truss are equidistant horizontally and are equally loaded, 
stresses occur in the chords alone, not in the web members. Hence 
the small stresses in the web members in this case. 

Half the permanent stress diagram is given in Fig. 90; half the 
snow stress diagram in Fig. 91; the entire wind stress diagram ia 
in Fig. 92. 
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Ex. 9] SEGMENTAL CRESCENT TRUSS 

142. Stress 8he«t for Example 8. — 



UcabK 


P-tnm. 


S-^tnm. 


w^^. 


M^m™. 


Minimura. 


X 1 


~ 8.9 


-10.2 


- 6.4 


-25.5 


- 8.9 


X 3 


- 7.1 


- 9.1 


- 5.e 


-22. e 


- 7.1 


X 5 


- 7.5 


- 8.7 


- 5-0 


-21.2 


- 7,5 


A' 7 


- 7.7 


- 9.2 


- 4.4 


-21,6 


- 7,7 


X 9 


- 7.7 


- 9.0 


- 3.6 


-20.3 


- 7.7 


Y 1 


+ 6.9 


+ 7.9 


+ 7.4 


+22.2 


+ 6.9 


y 2 


+ 6.9 


+ 7.9 


+ 7.4 


+22.2 


+ 6.9 


y 4 


+ 6.1 


+ 7.1 


+ 4,7 


+17.9 


+ 6,1 


y 6 


+ 7.4 


+ 8.6 


+ 4.3 


+20.3 


+ 7.4 


y 8 


+ 7.9 


+ 9.2 


+ 3.6 


+20.7 


+ 7.9 


1 2 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0,0 


34 


+ 0.7 


+ 0.7 


+ 2,1 


+ 3.5 


+ 0.7 


5 6 


- 2.0 


- 2.4 


+ 0.8 


- 4.4 


- 1.2 


78 


- 0.8 


- I.O 


+ 1.2 


- 1.8 


+ 0.4 


99 


+ 0.8 


+ 1.0 


+ 0.7 


+ 2.5 


+ 0.8 


23 


- 1.1 


- 1.2 


- 3.4 


- 5.7 


- 1.1 


45 


+ 2.4 


+ 2.9 


- 0.9 


+ 5.3 


+ 1.5 


6.7 


+ O.fl 


+ 1.1 


- 1.4 


+ 2.2 


- 0,5 


8 9 


- 0,5 


- 5 


- 1,8 


- 2.8 


- 5 



Members 7 8 and 6 7 must be arranged to safely resist each of 
the two different kinds of stress found in them. 

Example 9. — Segmental Crescent Truss 

143. Deuriptdott. — The external surface of the roof is here 
cylindrical, and its inclination regularly diminishes from either side 
to the top, at which it becomes horizontal. The intensity of the 
wind pressure varies in the same manner, making it rather difHcult 
to accurately obtain the magnitude and direction of the wind load 
supported at any particular apex of the truss. An approximate 
method is sufficiently accurate for practice and is more easily applied. 

144. Avance IncUnatlon at Apex. — In Fig. 93, bisect the curve 
of the upper chord between apexes A, B, C, D, E, and F; draw a 
horizontal and a vertical through each bbecting point, and draw 
chord a c. Then the angle of inclination c a 6 of the chord a c may 
be safely assumed to be the average inclination of the apex area 
supported at apex B. 



Then tan t? = 



I' - 



I 



ac; A = dX I'; iotB. 
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146. Membars Straight or Currsd bvtwaen ^ezes.— The 
memberB A B, etc., of the upper chord may be curved between 
adjacent apexes, but are then weaker and require greater cross- 
Bections than if straight, or they may be straight between apexes and 
the wooden rafters be cut to the required curve to receive the sheath- 
ing. The rafters are frequently omitted in curved roofs, when in- 
termediate purlins are inserted to receive the sheathing, bent to the 
curve of the surface. Then the intermediate purlins are easily blocked 
out to the curve of the sheathing. This truss is to be constructed of 
straight members, but the apexes are required to lie in the curve. 
It is divided into panels by verticals equidistant horizontally. 

146. Progranune. — Truss of type in Fig. 94: span, 100 ft.; rise 
of upper chord, 25 ft.; of lower chord, 10 ft,; mateiials. steel trusses. 




Fio. 93. — iDcIinatioDs at Ap«x««. 



longleaf pine lumber; covering of painted tin on 7/8-inch sheathing; 
no rafters; longleaf pine purlins, spaced as necessary and blocked 
out to curve; trusses, 15 ft. on centres; location at Philadelphia, 
latitude about 41° north; medium exposure. 

147. Dimensions. — Bisect curve of upper chord midway between 
apexes and draw horizontals and verticals through bisecting points; 
measure horizontal and vertical subtending each apex. Letter the 
successive apexes A, B,C, D, E, and F. 

Tan il = -^ = 0.8430 = tan 40.1°, inclination at B. 



Tan ij = ^— = 0.3410 = tan 18.8", inclination at D. 

Tan i° = y- = 0.1670 = tan 9.5°, inclination at E. 

Tan i'j = 0.0000 = tan 0.0°, inclination at F. (Horizontal.) 
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10 



COS 40.1 
10 




■5 = 13.08 ft. ; Ab = 13.08 X 15.00 = 196.2 Bq. ft. at B. 

11.41ft.; ^(= 11.41 X 15.00 = 171.2sq.ft.atC. 

10.56ft.; Aj= 10.56 X 15.00= 158.4 sq.ft. at D. 

- 10.14 ft.;^=. 10.14 X 15.00 = 152.1 eq. ft. at £". 



148. Apn Loads. — Truss, as before, 4.794 lbs. per horizontal sq. ft. 
Snow = 2.5 (41° - 35°) = 15.00 lbs. per horizontal aq. ft. 
Snowi, = 15.0 coa 40.1° = 11.47 lbs. per inclined sq. ft. at B. 
Snowc = 15.0 cos 28.8° = 13.14 lbs. per inclined sq. ft. at C. 
Snowj = 15.0 cos 18.8° = 14.19 lbs. per inclined sq. ft. at D. 
Snow, = 15.0 cos 9.5° = 14.79 lbs, per inclined sq. ft at E. 
Snowf = 15.0 cos 0.0° = 15.00 lbs. per inclined sq. ft. at F. 

Wind = — 1° in lbs. per inclined sq. ft. of apex area. 
Windi, = -Q- X 40.1° = 35.63 lbs. per inclined aq. ft. at B. 
Winde = -Q- X 28.8° = 25.60 lbs. per inclined sq. ft. at C. 
Windj = Y X 18.8° = 16.71 lbs. per inclined sq. ft. at D. 

Wind, = -^ X 9.5° = 8.44 lbs. per inclined sq. ft. at B. 

Wind/ = = 0.00 lbs. per inclined sq. ft. at F. 

Pi, = 196.2 (2 + 4 + + 4 + 4.794 coa 40.1°) = 2682 lbs. = 
1.341 T. at B. 

P, = 171.2 (2 + 4 + + 4 + 4.794 cos 28.8°) = 2431 lbs. = 
1.216 T. ate. 

Pd = 158.4 (2 + 4+0 + 4+ 4.794 cos 18.8°) = 2303 lbs. = 
1.152 T. at D. 

P, = 152.1 (2 + 4 + + 4 + 4.794 cos 9.5°) = 2240 lbs. = 
1.120 T. at E. 

Pf = 150.0 (2 + 4 + + 4+ 4.794 cos 0.0°) = 2219 lbs. = 
1.110 T. at F. 

Si, - 196.2 (15.0 cos 40.1°) = 2250 lbs. = 1.125 tons at B. 

S, - 171.2 (15.0 cos 28.8°) = 2250 lbs. = 1.125 tons at C. 
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Sj = 158.4 (15.0 COS 18.8°) = 2250 lbs. = 1.125 tons at D. 
■ S, = 152.1 (15.0 cos 9.5°) = 2250 lbs. = 1.125 tons at E. 
S, = 150.0 (15.0 cos 0.0°) = 2250 lbs. = 1.125 tons at F. 
Wb = 196.2 X 35.63 = 6991 lbs. = 3.496 tons at B. 
W, = 171.2 X 25,60 = 4383 lbs. = 2.192 tons at C. 
Wa = 158.4 X 16.71 = 2647 lbs. = 1.324 tons at D. 
W, = 152.1 X 8.44 = 1284 lbs. = 0.642 tons at E. 
Wf = 150.0 X 0.00 = lbs. = 0,000 tons at F. 
149. Total Loads on Half Truss. — 



Permanent load = 1.341 + 1.216 4- 1.152 + 1.120 + ^y- = 
5.38 tons. 

Snow load = 1.125 X 4H = 5.06 tons. 

Wind load must be found graphically. 

160. Stress Diagram for Example 9. — A stress line must be 
drawn parallel to the chord joining the apexes at the ends of the 




FiQB, 94-97.— Segmental Crescent TnuB. 



correspondii^ member, when this is curved. Stresses in web mem- 
bers are quite small, exceptii^ for wind loads, and their nature 
may then be reversed. The dimensions of such a member are 
then to be made sufficient to safely resist both kinds of stress, or a 
counter diagonal is to be inserted in the panel to resist the reversed 
stress. Permanent and snow stress diagrams must both be drawn. 
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161. Stress Sheet tot Bumple 9. — 



-11.5 
-10,5 
-10.1 







B-*«.B'. 


B'-nr-.L. 


-12.1 


- 3.1 


-10,5 


- 3.3 


- 8.7 


- 3.8 


- 7.0 


- 4,5 


- 5.4 


- 5.4 


+ 11,8 


+ 1.1 


+ 11.5 


+ 1.1 


+ 9.3 


+ 1.7 


+ 7.4 


+ 2.4 


+ 5.8 


+ 3,3 


+ i.o 


+ 0.1 


+ 2.1 


- 0.3 


+ 2.5 


- 0.6 


+ 2,6 


+ 0.9 


+ 0.9 


~ 0-9 


- 2.1 


+ 0.7 


- 2.2 


+ 1.0 


- 2.6 


+ 1.4 


- 2.5 


+ 1.8 



-34.5 


-11,5 


-31-0 


-10.5 


—28.5 


-10.1 


--26.4 


- 9,9 


-24.4 


- 9.7 


+28.0 


+ 8.4 


+27,3 


+ 8.2 


+26.6 


+ 8.9 


+25-6 


+ 9.3 


+24-6 


+ 9-6 


+ 2.4 


+ 0.7 



Example 10.— Bbmicirculak Crescent Tkxiss 

162. Descr^on. — The external surface of thia roof is a semi- 
circular cylinder supported by crescent trusses, each of which is 
divided into panels by equidistant radii drawn from the centre of 
the upper chord. The members forming the chords may be either 
curved or straight, then being the chord of the arc of each panel of 
the chord. Each panel of the upper chord is bisected, as in Example 
9, a vertical and a horizontal then being drawn through each bisecting 
point in order to obtain the average inclination of the roof for the 
corresponding apex and the values of /' in the manner explained 
for EJiample 9. Or the inclinations may here be found by the 
following formulas. 

163. Inclinatiotts by Tonniilas. — 

Let S° = angle of inclination of radial drawn to an apex. 

m = number of panels between apex and nearest end of truss. 

n = number of panels in the half truss. 
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90° 
Then — = angle at centre subtended by one panel of chord. (34) 

1°= 90°— 7n — = average inclination at apex considered. (35) 

Let D = diameter of aeniicircular upper chord in ft. 

Then — — = panel length measured on the curve, which is slightly 

greater than if computed as in the last example (36) 

But it would be preferable to construct this truss entirely ot- 
straight chord members connecting the apexes. 

164. Programme. — Tj-po of truss as in Fig. 98: span, 100 ft,;' 
rise of upper chord, 50 ft.; rise of lower chord, 37.5 ft,; depth rf 
truss, 12.5 ft. at centre; 14 equal panels separated by radials drawn 
to upper chord; materials, steel trusses, Washington fir lumber;, 
covering of painted tin on 7/8-inch wooden sheathing; no raftera; 
wooden purlins, blocked out to curve; trusses, 16 ft. on centreaj 
location at Kansas City, Mo.; latitude, about 39° north; mediunt 
exposure. 

155. DimenBiona. — Bisect each panel on curve of upper chord; 
draw vertical and horizontal through each bisecting point and 
measure them, in order to compute the values of i and I' at the 
corresponding apexes as before. 

Tan it = -^^ = 4.4153 = tan 77.2°, inclination at B. 



Tan t'e 
Tanij^ 



Tan I, 



2.48 
10.17 
4.87 
_ 8J8 
"" 6.95 ' 
= 1:00 
~ 8.73 " 
= i:?0 
" 10.12 

2.54 
"10.97 ' 



Tan 4 = 
100 X 



= 2.0883 = tan 64.4°, inclination at C. 

= 1.2633 = tan 51.6°, at D. 

= 0.8018 = tan 38.7°, at E. 

= 0.4842 = tan 25.8°, at F. 

= 0.2315 = tan 13.0°, at G. 
= 0.0000 = tan 0.0°, at H. 

11.22 ft. 



X14 
A = 11.22 X 16.00 = 179.52 sq. ft. = each apes area. 
166. ^ex Loads. — Truss = 4.794 lbs. per horizontal sq. ft., I 
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It will here be best to average the weight of the truss per sq. ft. 
of the surface of the roof. 

Then 4.794X100X16.00=7670 lbs. = total weight of the truss. 

7670 X 2 
^^^ lAA K, <c ~ ^ — = 3.051 lbs. per sq. ft. of roof surface. 
lUU X Id X I" 

Snow = 2.5 (39" - 35") = 10.00 lbs. per horizontal sq. ft. 

Wind = -^ X i = windpre35ureperinelinedsq.ft., varying with r. 

P=179.52 (2 +4 + + 4 + 3.05) = 2343 lbs.= 1.172 tons per apex. 
Si, = 179.52 (10.00 cos 77.3°) = 395 lbs. = 0.198 tons at B. 
S, = 179.52 (10.00 cos 64.4") = 776 lbs. = 0.388 tons at C. 
Si= 179.52(10.00 008 51.6°) = 1115 lbs. = 0.558 tons at Z). 
S, = 179.52 (10.00 cos 38.7°) = 1401 lbs. = 0.701 tons at E. 
Sf = 179.52 (10.00 cos 25.8°) = 1616 lbs. = 0.808 tons at F. 
Si = 179.52 (10.00 cos 13.0") = 1749 lbs. = 0.875 tons at G. 
Si, = 179.52 X 10.00 X 1.00 = 1795 lbs. = 0.898 tons at H. 
TTt,- 179.52X40.00 = 7181 lbs. = 3.591 tons at B. 
W, = 179.52 X 40.00 = 7181 lbs. = 3.591 tons at C. 
W4 = 179.52 X 40.00 = 7181 lbs. = 3.591 tons at D. 



ir, - 179.52 X 


-^ X 38.7' 


- 6175 lbs. 


-3.088 tons at £. 


IT, -179.52 X 


|X25.8» 


- 411611)3. 


- 2.058 tons at F. 


IT, -179.52 X 


1 X 13.0° 


- 2073 lbs. 


= 1.037 tons at G. 



11% = 179.52 X 0.0 = lbs. = 0.000 tons at H. 

167. Total Loads on Half Truss. — 
Permanent load = 1.172 X 6^ = 7-62 tons. 

Snow load = 0.198 + 0.388 + 0.558 + 0.701 + 0.808 + 0.875 + 

0.898 

— ^ 3.98 tons. 

Wind load must be obtained graphically, each apex load acting 
radially. 

168. Stress Diagrams. — The permanent, snow, and wind stress 
diagrams are drawn in Figs. 99, 100, and 101. Stresses in members 
of upper and lower chords are here reversed on the leeward side of 
the truss. Or in Fig. 101, all y-stress lines lying on the right of a 
vertical through the y-point are in compression ; aLsoalli-stres-s lines 
lying on the right of a vertical through the lower end of the load 
line are io tension. 
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159. Reversed Stresses. — It is evident from the stress diagrams 
and the stress sheet, that some members have reversed stresses, 
that the nature of the stresses in them are changed. When such 
reversed stresses occur in members of upper or lower chords, such 
members must be dimensioned to safely resist both kinds of stresses. 
The same may be applied to web members, or the other diagonal 




. — Somioircular CreaoenL TniM. 



of the trapezoiiial panel may be inserted, as suggestetl in Example 2.. I 
This usually prevents the reversal of the stress. But only a s 
diagonal in each panel can be used in drawing the stress diaj 
since the ease would become indeterminate otherwise. The dia| 
and counter diagonal can then be dimensioned for the stresses a 
in each. But it is usually more economical to use only the r 
diagonals of the panels, omitting counter diagonals. 



Ex. II] HEUISPBBRICAL CRESCENT DOME 

160. Streu 8he«t tor Exanqde 10. — 



IlBDlH. 


P-rtlH 




w-m^w. 


IP-wn-L. 


Muimum. 


Mirin.™. 


X 1 


-10.6 


- 6,5 


-28.2 


+ 14.1 


-44.2 


+ 3,6 


X 2 


- 9.3 


- 5.3 


-28,5 


+ 14 2 


-43,1 


+ 4,9 


X i 


-10.5 


+ 6.4 


-23,7 


+11.8 


-40,6 


+ 1.3 


X 6 


-11,1 


- 7.1 


-18 9 


+ 9.6 


-37.1 


- 1,6 


X8 


-11-3 


- 7,6 


-14 2 


+ 7.2 


-33,1 


- 4,1 


X 10 


-11.6 


- 7.9 


- 9,4 


+ 4,8 


-28,9 


- 6,8 


X 12 


-11.8 


- 8.1 


- 5,0 


+ 2,1 


-24,9 


- 9,7 


Y 1 


+ 3.0 


+ 1.7 


+25.1 


-20.4 


+29.8 


-17,4 


ra 


+ 5.7 


+ 3.3 


+21.2 


-19,0 


+30.2 


-13,3 


r 5 


+ 7.9 


+ 4,8 


+ 16.6 


-17,2 


+29,3 


- 9,3 


7 7 


+ 9.5 


+ 6.2 


+ 11,4 


-16.1 


+27,1 


- 5.6 


Y 9 


+ 10.8 


+ 7-3 


+ 5.7 


-12,5 


+23.8 


- 1,7 


r 11 


+ 11.6 


+ 7.9 


+ 0.1 


- 9,2 


+19,6 


+ 2,4 


K 13 


+ 11.9 


+ 8.2 


- 5.0 


- 5,1 


+20-1 


+ 1,8 


1 2 


+ 2.0 


+ 1,2 


+ 2.9 


- 3,2 


+ 6.1 


- 1.2 


34 


+ 2.7 


+ 1.7 


+ 0.3 


- 1,9 


+ 4,7 


+ 0-8 


56 


+ 2.9 


+ 2.0 


- 2 1 


- 0.8 


+ 4.9 


+ 0.8 


78 


+ 2.8 


+ 2-0 


- 4,0 


+ 0,5 


+ 5,3 


- 1.2 


9 10 


+ 2.6 


+ 1.8 


- 5.2 


+ 1,7 


+ 6,0 


- 2.7 


11 12 


+ 2,2 


+ 1,5 


- 5,6 


+ 3,0 


+ 6,7 


- 3 4 


13 13 


+ J-9 


+ 1,3 


- 0,8 


+ 0,8 


+ 3.2 


+ 1.1 


2 3 


-2.5 


- 1,5 


+ 5.2 


- 2.5 


- 6,5 


+ 2,7 


45 


- 2.0 


- 1,4 


+ 5.8 


- 2,8 


- 6,2 


+ 3,8 


67 


- 1.6 


- 1,4 


+ 6.6 


- 3,3 


- 6.3 


+ 5.0 


89 


- 1.3 


- 1,1 


+ 7.6 


- 3.8 


- 6,2 


+ 6,2 


10 11 


- 0.8 


- 0,7 


+ 7.5 


- 4.6 


- 6,1 


+ 6,7 


12 13 


- 0.2 


- 0,3 


+ 7,0 


-5,7 


- 6,2 


+ 6,8 



Example 11. — Hemispherical Chescent-trussed Dome 

161. DeBcrfption. — This dome is of hemispherical form and is 
Bupported by 16 complete crescent trusses having a common middle 
vertical. Each truss is also divided into 16 equal panels by radials 
to upper chord. Hence an area of approximately trapezoidal form 
is supported at each apex. Each series of apexes in a horizontal 
plane is coimected together by a ring purlin bent to the proper 
curve, thus composing a horizontal circular ring. On the purlins 
are fixed meridian rafters, also bent to the curve of a great circle. 
To these are fastened the wooden sheathing, kerfed oo the under 
side, if necessary, which receives the covering. 
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Each panel of the upper chord is bisected as before, a vertical and 
horizontal being drawn through each bisecting point, as in Examples 
9 and 10. (Omitted in Fig. 102 for sake of clearness.) 

Fig. 103 represents the plan of the portion of the surface of the 
dome supported by the half truss A I. On it are drawn the half 
purlins supported at the respective apexes. 

163. ^ex Areas. — The exact computation of the apex area 
supported at each apex is a problem of considerable difficulty. But 
an approximate method will be found sufficiently accurate for 
practical purposes and far more convenient in application. Measure 
or compute panel length of upper chord and length of purlin at each 
apex between centre planes of two adjacent trusses. Then panel 
length X purlin length approximately equals the apex area supported 
at the corresponding apex. 

163. Programma. — Type of truss as in Fig. 102: span, 100 ft.; 
rise of upper chord, 50 ft.; of lower chord, 40 ft. making depth of 
truss, 10 ft, at centre; 16 panels between radials to upper chord; 
material, steel; covering of painted tin on 7/S-inch longleaf pine 
sheathing, kerfed on under side, If necessary; steel rafters, purlins, 
and trusses; located at Boston, latitude about 12K' north; medium 
exposure. 

164. Dfanandons. — 



7 00 
Tan t", = ^ = 1.0145 = tan 45.4" at £". 



Tan tg = ^ = 0.4152 = tan 22.5" at G. 



Tan in = 

Tan t, = = 0.000 = tan 0.0 at /. 
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X^eagth of purlm at B = 
Length of purlin at C = 
Length of purhn at i> = 
Length of purlin at E = 
Length of purlin &t F = 
Length of purlin at G = 
Length of purlin at ff = 
Length of purlin at / = 

-^ — 



9.60 tt. 
9.06 ft. 
8.16 ft. 
6.92 ft. 
5.42 ft. 
3.70 ft. 
1.90 ft. 
0.90 ft. 



■ll 


= 9.817 X 9.60 = 94.24 sq.ft. = apex area at B. 


A, 


= 9.817 X 9.06 = 88.94 sq.ft. = apex area at C. 


Aj 


- 9.817 X8.16 -80.11 sq.ft. - apex area at D. 


A, 


= 9.817 X 6.92 = 63.03 sq.ft. = apex area at E. 


A, 


= 9.817 X 6.42 = 53.21 sq.ft. = apex area at f. 


A, 


= 9.817 X 3.70 = 36.32 sq.ft. = apex area at G. 


A^ 


= 9.817 X 1.90 = 18.658q.ft. = apex area at /f. 


A, 


- 9.817 X 0.90 - 4.30 sq. ft. - apex area at I. 


166. Apex Loads.— 


78.'S4 X 4 794 
Total weight of truss - ^^ - 2353 lbs. 


Ai 


erage for truss per apex of upper chord = — ^ = 138.4 lbs. 


Pi 


- 94.21 (2 + 4 + 4 + 3) + 138.4 - 1364 lbs. = 0.682 ton 


P, 


- 88.94 (2 + 4 + 4 + 3) + 138.4 - 1295 lbs. - 0.648 ton 


Pd 


- 80.11 (2 + 4 + 4 + 3) + 138.4 - 1180 lbs. - 0.590 ton 


P, 


- 63.03 (2 + 4 + 4 + 3) + 138.4 - 958 lbs. - 0.479 ton 


Pf 


- 53.21 (2 + 4 + 4 + 3) + 138.4 - 830 lbs. - 0.415 ton 


P, 


- 36.32 (2 + 4 + 4 + 3) + 138.4 - 611 lbs. = 0.306 ton 


Pi. 


= 18.65 (2 + 4 + 4 + 3) + 138.4 - 381 lbs. - 0.191 ton 


P. 


= 4.3 (2 + 4+4 + 3)+ 138.4 . 194 lbs. - 0.097 ton 


St 


- 94.24 X 18.75 cos 78.8' - 343 lbs. - 0.172 ton. 


s. 


- 88.94 X 18.75 cos 67.3° - 644 lbs 


- 0.322 ton. 


Sj 


= 80.11 X 18.75 cos 61.4° - 719 lbs 


= 0.360 ton. 


s. 


= 63.03 X 18.75 cos 45.4° = 830 lbs 


- 0.416 ton. 


s, 


- 63.21 X 18.75 cos 33.9° - 828 lbs 


= 0.414 too. 


■s. 


= 36.32 X 18.76 cos 22.5° = 629 lbs 


- 0.316 ton. 


^J. 


- 18.65 X 18.76 COS 11.3° = 343 lbs 


= 0.172 ton. 


Si 


. 4.30 X 18.75 COS 0.0° - 81 lbs 


= 0.041 ton. 
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W„ = 94.24 X 40.00 lbs. - 3761 lbs. - 1.881 tone. 

W, = 88.94 X 40.00 lbs. = 3598 lbs. - 1.799 tons. 

Wj - 80.11 X 40.00 lbs. - 3204 lbs. - 1.602 tons. 

W, - 63.03 X 40.00 lbs. = 2521 lbs. - 1.261 tons. 

W, - 53.21 X 30.13 lbs. - 1600 lbs. - O.SOO tons. 

W, - 36.32 X 20.00 lbs. = 726 lbs. - 0.363 tons. 

W,, = 18.05 X 10.00 lbs. = 187 lbs. = 0.094 tons. 

Wi = 4.3 X 0.00 lbs. = lbs. = 0.000 tons. 

166. Total Load on Half Truss. — 

Permanent = 0.682 + 0.647 + 0.590 + 0.479 + 0.415 + 0.305+ 

0.190 + ^^ - 3.30 T. 



Snow - 0.172 
0.041 



0.322 + 0.360 + 0.415 - 
2.20 T. 



0.414 + 0.316 + 



Wind, resultant found grapbically. 

167. Stress Diagrams. — The pennanent stress diagram in Ft|; 
104 and tbe snow stress diagram in Fig. 105 are at the same scale. 




'fEEEri^— I 



Figs. l()2-lCMi,— Hemispherical Creacenl Domp. 
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the wind stress diagram in Fig. 106 is at a smaller scale, because it 
would occupy a much greater area if drawn at the scale of the others* 
These are somewhat similar in general form to the stress diagrams 
of Example 10, though the loads diminish more rapidly toward the 
vertex of the dome. 

168. Strasi 8he«t for Ezanqtla 11. — 



M»^. 


P^». 


^"™-_ 


W-Kb^W. 


W*«.L. 




Mi^u.. 


X I 


- fl.2 


- 3 2 


-17.0 


+11.3 


-26.4 


+ 5,1 


X 2 


- .i.e 


- 3.0 


-17.0 


+11.3 


-25,6 


+ 5.7 


X 4 


- 5.3 


- 3.5 


-13,3 


+10,0 


-22.1 


+ 4,7 


X 6 


- .1.2 


- 3.8 


- 9.9 


+ 8,8 


-18.9 


+ 3.6 


X 8 


- 5.2 


- 4.0 


- 6.7 


+ 7,7 


-15,9 


+ 2,5 


,V 10 


- .T,0 


- 4.0 


- 3,7 


+ 6,5 


-12.7 


+ 1.5 


A- 12 


- 4 9 


- 3.9 


- 1.1 


+ 5,4 


- 9-9 


+ 0.5 


X 14 


- 4.8 


- 3.8 


+ 1.1 


+ 4,1 


- 9.7 


- 0.7 


Y 1 


+ 3,0 


+ 1.1 


+ 15.7 


-13,8 


+ 19.8 


-10,8 


>■ 3 


+ 3.5 


+ 1-9 


+ 12,4 


-13,0 


+ 17-8 


- 9.5 


y 5 


+ 4.1 


+ 2,7 


+ n.o 


-12,2 


+ 15-8 


- 8.1 


y 7 


+ 4.5 


+ 3.3 


+ 5.5 


-11,2 


+13-3 


- 6,7 


y 9 


+ 4.7 


+ 3.7 


+ 2,1 


-10.2 


+10-5 


- 5,5 


Y 11 


-1- 4.8 


+ 3.8 


- 1,1 


- 9,0 


+ 8,6 


- 4,2 


Y 13 


+ 4.S 


+ 3,8 


- 3.7 


- 7.5 


+ 8,6 


- 3.7 


y 15 


+ 4.7 


+ 3-7 


- 5.9 


- 5,9 


+ 8,4 


- 1.2 


1 2 


+ 0.7 


+ 0.6 


+ 1,5 


- 2,2 


+ 2,8 


- 15 


3 4 


+ 0.9 


+ 0,8 


+ 0,0 


- 1.7 


+ 1.7 


- 0.8 


5 B 


+ 0.9 


+ 0,9 


- 1.2 


- 1.2 


+ 1,8 


- 3 


7 t> 


+ OS 


+ O.S 


- 2.2 


- 0.7 


+ 1,6 


- 1.4 


8 If) 


+ s 


+ 0.7 


-2.7 


- 0.3 


+ 1,5 


- 1.9 


11 U 


+ 07 


+ 0.0 


- 2.8 


+ 0.2 


+ 1.3 


- 2,1 


13 14 


+ 0.7 


+ 0.6 


- 2,8 


+ 0.7 


+ 1.3 


- 2.1 


1.5 15 


+ o..'; 


+ 0.6 


- 0,9 


- 0.9 


+ 1.4 


- 0.1 


2 3 


- n.n 


+ O.S 


+ 3,7 


- 1.3 


- 2,4 


+ 3.4 


1 .■) 


- »,.-. 


- 0,7 


+ 3,9 


- 1,4 


- 2,6 


+ 3.4 


6 7 


- 3 


- O.fi 


+ 4.1 


- 1.5 


- 2.4 


+ 3.8 


■; 9 


- 0.2 


- 0.3 


+ 4,2 


- 1.6 


- 2:1 


+ 4,0 


10 11 


- 0.0 


- 0.1 


+ 3,9 


- 1.7 


- 1.8 


+ 3.9 


12 13 


+ 0.1 


+ 0.1 


+ 3,4 


- 2,1 


- 2.3 


+ 3.3 


14 15 


+ O.I 


+ 0.1 


+ 2,9 


- 2.4 


- 2,6 


+ 2.8 
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ExAUPLE 12. — Hemispherical Rinq Dome. 

169. Deicriptlon. — Form and construction of the external surface 
same as those in Example 11. Its surface is supported by the 
same rafters and equidistant purlins, but these rest on 16 complete 
meridian ribs instead of trusses. By crossed rods below each area 
of roof between purlins and ribs, deformation of the surface of the 
dome is prevented. A good example of this type of dome may be 
seen in the State Fair buildings at Springfield, 111. 

170. Progmmna. — Span, rise of rib, covering, sheathing, steel 




HemUpherical Ring Dome. 



rafters, purlins, and ribs are as in Example 11. The ribs represent 
the upper chords of the trusses. Location and wind pressure are 
as in the last example. {Art. 163.) 

171. Dtmensicms.— Inclinations at apexes, apex areas, are as 
before. (Art. 164.) 

172. Apex Loads. — Permanent, snow, and wind apex loads are 
as in the last example. (Art. 165.) 
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173. Total Loads on Half Truss.^ — Also the pame as for Example 
II. (Art. 16G.) 

174. StrasB Diagrams.— The aemicircle A I A', Fig. 107, is 
first (irawn to represent the rib an<l is divided into 16 equal panels, 
the apexea .4, B, C, etc., being at these points of di\'i9ion, I.ajing 
off in Fig. 108 the permanent loads as before, the y-point will be at 
the lower end of the load line for the half rib. Then drawing a 
parallel to the chord oi A B tlirough upper end of load line, this 
cuts the horizontal through j/ at 1, obtaining the stress y 1 acting 
bDrizontally and radially at the jimction of the rib A B with the 
horizontal base ring at A. It produces tension at A in the ring, 
which may be determined as follows. 

176. Stresses in Ring Purlins. — Fig. Ill represents a middle and 
two adjacent half ribs in plan. Draw the chords of the purlin area 
at the base and measure angle /J" between purlin chord and middle 
rib on the plan. Then in Fig. 108 draw ya and 1 a, making the 
angles \y a and lay each = S°. These lines intersect at a and 
f/a or I n = tensile stress in the chord of the purlin at A. The 
actual stress in the purlin ring must of course be greater because 
curved, but allowance can be made for this in dimensioning this 
ring. 

Since the chords of all the purlins are parallel in each bay of the 
dome, the completion of the permanent and snow stress diagrams 
in Figs- 108 and 109 presents no difficulties. 

When the x-stresa lines cut the horizontal through y nearer the 
y-point than the one last drawn, the nature of the stress in the 
ring changes to compression and the triangles are then drawn 
alxjve the horizontal through y to indicate this change. 

For the wind -stress diagram in Fig. 110, the wind loads are laid 
off on the load line as Iwfore, the dividing or y-jioint on their resultant 
being found by applying the equilibrium polygon, and a horizontal 
through the j/-point is the location of the horizontal radial forces at 
the apexes. The chord purlin stress lines are drawn as before; 
some are found to be in compression and others.in tension. It is 
interesting to observe that the values of these stress lines pass 
through infinity at the vertex of the dome, offering a good reason 
for an opening there, a skylight or a raised lantern. 
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176. StreiB Sheet tor Example 12. — 



+ 12 
+ 0.9 
+ 0,3 



+ 4-2 
+ 6.8 
+20,3 



- Ob 
+ 0,7 
+ 1.5 
+ 6.5 
+ 8.4 
+20.8 



177. Stresses In Purlin Chords.— 



p-tf*. 


Sttma. 


+ 1,6 


+ 1.1 


+ 2.5 


+ 2,0 


+ 1.4 


+ i,a 


+ O.S 


+ 0.9 


+ 0.0 


+ 0.0 


- O.S 


- 0,9 


- 1.4 


- 1.6 


- 2.5 


- 2.0 



W-tUem W. ir-^trcB L. Muiiiium. 



+ 11.2 
+ 17,4 
+72.8 



+28.4 
+12,0 
+11. 1 
+10,1 
+ 9.6 
+10,7 
+ 16,0 
+70.3 



Example 13. — Cantilbveb Tbusscb 

178. Different Types. — Trusses of this kind are attached to an 
external wall to supjiort a projecting shed roof over a freight or 
delivery platform. The truss may be supported in various ways. 

1. Ends of Imth upper and lower chords are directly bolted U> 
the wall as in Figs. 112, 113, and 116. 

2. End of lower chord fixed to wall and entire load supported 
there; end of upper chord only held by a horizontal connection 
only able to resist -a horizontal force. Fig. 114. 

3. End of upper chord fixed and entire load supported there by 
wail; end of lower chord merely abuts against the wall. Fig. 115, 

4. Outer end of truss supported by a strut extending to wall] 
upper chord fixed to wall; end of lower chord free. Fig. 117, 

5. Truss partially supported by strut from wall to an apex d 
lower chord; upper chord fixed to wail; lower chord free. Fig. II&. 




CANTILE\'ER TRUSSES 



6. Outer end of truss supported by rod extending to wall; lower 
chord fixed to wall; upper chord free. Fig. 119. 

7. Truss partially supported by rod from wall to an apex of upper 
chord; lower chord fixed to wall; upper chord free. Fig. 122. 

When the truss is partially supported by a rod or strut extending 
to the waU, the ends of both chords cannot be fixed to it, for the 
problem then becomes indeterminate. It is then best to fix the end 
of the chord most distant from the rod or strut, thus insuring greater 
.■stability of truss, 

179. Prograimns. — Type of truss similar in all cases treated 
here, excepting that reversed diagonals are iised in some of the cases. 

Span, 30 ft.; rise at wall, 10 ft,; 5 panels; trusses, 12 ft. on 
centres; materials, steel purlins and tnisses; no rafters; covering 
of paiDt«d tin on 7/8" shortlcaf pine sheathing; location at Cairo. 
III., latitude about 37° north; ordinary exposure. 

180. Dimension E. — 



10 



a 18.4°. 

e.oo 



cos 118.4° 

kA = 6.32 X 12.(10 = 75.84 sq. ft. 

''181. Apex Loads. — 

r^ ,, . , 00 300 

Truss (for twice span) = ^ + J^^ 

sq.ft. 



S lbs. per horizontal 



= 2.5 (37° - 3.5") = 5.00 lbs. per horizontal sq. ft. 
2 
Wiad = — X 18.4° = 12.30 lbs. per inclined sq. ft. 

» = 75.84(2 + 3 + +4 + 2.686COS 18.4°)= 875 X =0.438ton. 

= 75.84 (5.00 cos 18.4°) = 360 = 0.180 ton. 
r= 75.84 X 12.30 = 933 = 0.407 ton. 
182.— Total Loads on Truaa.—Permanent = 0.438X5 = 2.19 tons. 
Snow = 0.180 X 5 = 0.90 ton. 
Wind = 0.467 X -5 = 2.34 tons. 

183. Stress Diagrams. — Case 1. Truss fixed to wall at B and C. 
Figs. 112, 112«, 112 6. 

The rpsultanis of all P and of ail W apex loads act at A. Join 
AC. In Figs. 112 a and 112 &, ya is parallel to A C and a: a to 
A B. Also ya^ force acting at C and x a that at B. The S 
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stresses can be found from the P stresses by the proportion: 2.19 : 
0.90 : : P stress : S stress. 

184. Case la. — Truss and loads as before, but the diagonals 




FicB. 112-112 t.-funtilpvpr Truss. 



are reversed. Figs. 113, 113 a, 113 fc. Drawn in the same manner, 
producing different forms of 





Fic.s. 113-113 t.— Raverscd Diagonals. 



186. Caae lb. — Truss fixed at B and C; lower chord curved. 
Figs. 114, 114 a, and 114 6. 

Drawn in the same manner as Case 1, excepting that stress lines 
for lower chord radiate from y in the stress diagrams and are parallel 
to its members. 




Figs, 114-1 U b.— Chord C\ 



186. Case 2. — Truss fixed and supported at C, only held hori- 
BODtally at B. Figa. 115, 115 a, and 115 5. 
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Resultant W is produced to intersect a horizontal through B at 
D, and D C are joined, being line of action of component of W acting 
at C. The component of P is found in the same manner. In Figs. 
114 a and 114 6, 3; a is drarni horizontally and = force acting at 
B; y a is parallel to £ C and D C and = force acting at C. 

187. Case 3. — Tru-'is fixed and supported at B, end of lower 
chord abutting against wall at C. Figs. 116, 116 a, 116 b. 




^ultant W is produced to intersect horizontal lower chord at 
D; join D B, which is line of action of W cempenent at C. E C is 
line of action of component of P and is found in same manner. In 
the stress diagrams, ya = horizontal force acting at C, and xa = 
inclined force applied at B. 

188. Case 4. — Truss fixed to wall at B; lower chord loose at C; end F 
oftrusssupportedbystrut attached to wall atG. Figs. 117,1170, 1176. 

Resultant W is here produced to intersect strut at D, which is 
joined with B. E B is then found in the same manner. In P stress 
diagram, Fig. 117 a, draw y a parallel to strut FG and 10 parallel to 




EB; throi^ a draw horizontal a 1, and y falls at its intersection 
with the load line x x. The x lines on left of load line are — , those on 
the right being + ; the reverse is true of the y lines. The W stress 
diagram is drawn in the same manner in Fig. 117 6. 



xc j? Taoi drawn 
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191. Case 7. — Truss fixed to wall at C; B is free; truss partly sup- 
ported by rod f G. Figs. 122, 123, 124. 

Resultants W and P are produced to cut F extended at D and 
E, which are then joined with C, In the P stress diagram, draw 




1 19-121.— Supportfid by Rod. 



y a parallel to F G, xa parallel to E C; also draw horizontal ^-lines 
through y and a; y 6 and y 8 are measured on the latter. The W 
stres.s digram is similar. 

192. Comparative Table of Maximum StresseB in MeonberB. — 



+ 17'+ 1.7+ 2.3 

+ 3.1+ 1.5+ 4.21+ ; 



3.2+ 5.S+ .5.0 4 



- 6.7'- S.5 - 7.4- 0.9- 



■ 2.3 - 2.3 - 2.3 4 



8+ 3.2 - 1.8 - 2.7 
0.0 0.0 0.0 



2+ 2.81+ 2.8i+ 1.5:- 
+ 3.2 + 3.2 + 0,0 - 
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Example 14. — Truss with Cantilevee at Each End. 

195. DeBOriptdtm. — This truss is supported only at the inter- 
mediate apexes C and D of the lower chord on stable walls or strongly 
anchored piers or columns, as in Fig. 125. The stability of such 
walls, piers, or coliunns is to be studied later, but it is here assumed 




FiGB. 122-124.— Supported by Rod. 



to be sufficient. Projecting beyond the walls at each end of truss 
are the cantilevers or overhangs A C and D B, as extensions of the 
main roof truss C D. Such a roof would be suitable for a railway 
train shed, a freight or express building, a warehouse for temporary 
storage, etc. A comparison of the stress sheet and stress dia^ams 
with those for a truss of equal span and supported at its ends A and 
B proves this to be a very economical type of roof truss. 

196. Programme. — Type as in Fig. 125: total span, 200 ft., 
composed of two cantilevers of 50 ft. each and a middle span of 100 
ft., supported on solid walls or anchored columns; rise, 40 ft. at 
middle; 20 ft. at each support; 16 panels, of equallength; materials, 
steel; trusses, 20 ft. on centres; covering of painted tin on 7/8-ineh 
shortleaf pine sheathing; steel rafters, purlins, and trusses; location 
at Omaha, latitude about 41 1/5° north; medium exposure. 
40 



197. Dimendtms. — Tan i = 

l-^ = 12.5 ft.; V . 
A - 13.46 X 20.00 - 2 



100 
12.5 



=0.4000 = tan 21.8 



cos 21.8° 
9.2 sq. ft. = apex area. 
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198. Ap«z Loads. — 

200 200* 
Truss = -j;^ +l^ cJ vi - 11-I75 lbs. per horizontal aq. ft. 



25 ^12000 
Snow = 2.5 (41.2" - 35°) - 15.6 
8 . 



)S. per horizontal sq. ft. 

Wind = -T X 21.8" = 19.38 lb8. per inclined Bq. ft. 

P = 269.2 (2+3 + 4 + 3 + 11.175 cos 21.8°) = 6025 lbs. = 
3.013 tons. 

S = 269.2 (15.6 cos 21.8°) = 3898 lbs. = 1.949 tons. 
W = 269.2 X 19.38 = 5217 lbs. = 2.609 tons. 

199. Total Loads on Half TniBs. — 
Permanent = 3.013 X 8 =24.11 tons. 
Snow = 1.949 X 8 = 15.59 tons. 
Wind = 2.609 X 8 = 20.87 tons. 

200. Stress DUgraniB. — The permanent stress diagram in Fig. 
1 26 is drawn in the same manner as for the cantilever truss in Example 




Fioe. 125-128.— Truss with Overhangs 



13, until the point 8 is found. The j/-point is then transferred 
to the lower end of the load line for the half truss, and the diagram 
is then completed as indicated. Since there b no stress found in 
the member 15 16, the point 16 should fall on the y, if the work is 
correct. 
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The BDow stress diagram in Fig. 127 is entirely simiiar in form. 

For the wind stress diagram in F^. 128, the resultant A of all 
wind loads on the left side of the roof is first located, which is 
here at a, vertically above the support C. This resultant is then 
resolved into its parallel components passing through the two 
supports C and D, thus obtaining the dividing point on the load line 
for wind. Then y y represents the reaction at C and xy is that at 
D. The wind stress diagram is readily completed, though the 
stresses in the members are quite small for the leeward half of the 
truss, and no wind stresses occur in the members beyond 8' 9', 

201. Stress 8he«t for Sxample 11. — 



X 1 

A' 2 

X 4 

X 6 

X 8 

X 10 

A' 12 

X 14 

Y 1 

Y 3 



Y U 

Y 13 

Y 15 



5 6 
7 8 
9 10 
11 12 
13 14 
15 15 
2 3 
4 5 



10 11 
12 13 
14 15 



■I- 12. 4 
+ 16.5 

+ 7,5 



- 4 


- 2-4 

- 4.8 


-U 5 


- 7,3 


-15.2 


- S.6 


- 7.0 


- 4.3 


- 2.7 


- 1.5 


- 0-7 


- 0-3 


- O.I 


- 0.0 


- 3.0 


- 2.0 


- 4.6 


- 3.0 


- 6.0 


- 3.9 


- 7.6 


- 4.9 


+10.2 


+ 6,5 


+ 5.6 


+ 3,5 


+ 1.8 


+ 1,1 


+ 0.0 


+ 0,0 


+ 4.8 


+ 3,1 


+ 6.0 


+ 3.8 


+ 7.1 


+ 4.6 


-18.6 


-12,0 


-11.1 


- 7,1 


- 5,9 


- 3,8 


- 1-8 


- 1,1 









+ 3,3 
+ 2,2 
+ 4-9 
+ 6,7 
+ 9-6 
+ 3,0 

- 0,5 

- 2,2 



W-tKrem L. Miurtmaro. 



+ 10,3 
+99,2 
+ 18,4 
+26.9 
+36.5 
+ 15,1 
+ 6,2 
+ 1.1 



+ 1.5 


- 0,0 


- 0,0 


- 0,0 


- 0-0 


+ 1-3 


+ 1.1 


+ 0.9 


+ 0,0 


+ 0,0 


+ 0,0 


+ 0.0 


- 1,9 


- 1,5 


- 1,2 


- 1.0 



+ 4,3 
+ 4-3 
+ 8,3 
+12.4 
+ 16.5 
+ 6-6 



- 1,0 


+ 1.2 


+ 1.5 


- 0,1 


- 7,9 


- 3.0 


-11,8 


- 4-6 


-16,9 


- 8.0 


-19-8 


- 7.6 


+22-3 


+ 10.2 


+10-9 


+ 5.6 


+ 3,8 


+ 1.8 


+ 0,0 


+ 0,0 


+12,4 


+ 4.8 


+14,8 


+ 6.0 


+18,8 


+ 7.1 


-42,3 


-18.6 


-25.2 


-11.1 


-11.6 


- 5.9 


- 4.2 


- 1.8 
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Example 15, — Three-hinqed Tbdbs 

202. Description. — This truss is hinged at each support and at 
the ridge by joint pins, Fig. 129, and it requires no other provision 
for expansion or contraction by changes of temperature, since the 
ridge rises or falls slightly during heat or cold. This type of truss 
is quite economical for large spans, but the horizontal components 
of the inclined reactions at the supports require these supports to 
be connected by tie-rods beneath the floor or to be fixed to pile or 
massive masonry foundations. Inclined stone or concrete piers 
with stepped footings would also serve, provided that the re- 
actions at the supports do not vary much from the axes of such 
piers. 

203. Programm*. — Truss of type as in Fig. 129; span, 100 ft.; 
rise of side verticals, 30 ft.; of ridge, 20 ft,, making a total height 
of 50 ft,; 3 panels in side verticals and 10 panels in inclined roof; 
material, steel; trusses, 20 ft. on centres; covering of painted tin 
on 7/8 white pine sheathing on both walls and roof; steel rafters, 
purlins, and trusses; location at Toronto; latitude about 43.7° 
north; medium exposure. 

20 

204. Dimensionfl.— Tan ! = ^= 0.4000 = tan 21.8°. 

I = 10.00 ft.; V = ^\, ^o = 10.77 ft. 

' cos 21.8 

A = 10.77 X 20.00 = 215.4 sq. ft. for apex area of roof. 
A = 10.00 X 20.00 = 200.0 sq. ft. for apex area of wall. 
206. Apes Loftds. — 



12600 



= 4.794 lbs. per horizontal sq. ft. 
Snow = 2.5 (43.7" - 35°) = 21.67 lbs. per horizontal sq. ft. 
Wind = — X 21.8° = 19.38 lbs. per inclined sq. ft. 

P (wail) = 200 (2 + 3 + 4 + 3+ 4,794) = 3359 lbs. = 1.680 tons. 
P (roof) = 215.4 (2 + 3 + 4 + 3 + 4.794 cos 21.8") = 3543 
s. = 1.772 tons. 
S = 215.4 (21.67 cos 21.8") = 4330 lbs. = 2.165 tons. 
W (wall) = 200 X 40.00 = 8000 lbs. = 4.000 tons. 
W (rooO = 215.4 X 19.38 Ihs. = 4174 lbs. = 2.087 tons. 
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206. ToUl LoadB (m Half TnisB.— 

Permanent = 1.680 X 2 1/2 + 1.772 X 5 = 13.06 tons. 
Snow = 2.165 X 5 = 10.83 tons. 
Wind (wall) = 4.000 X 2 1/2 = 10.00 tons. 
Wind (roof) = 2.087 X 5 = 10.44 tons. 

The construction of the walls is here assumed to be similar to 
that of the roof. 

207. StresB DUsruuB tor Example 16. — For a truss with three 
hinges and supporting permanent or snow loads, it is first necessary 




Fias. 129-132. — ^Tnisa witb Three HiDgea. 

to consider the half truss AC E in Fig. 129. The resultant R of 
all the permanent loads supported by this half truss is located by 
the equilibrium polygon in Fig. 129, and it is produced upward to 
intersect the line E B extended, which connects the hinges E and B. 
This intersection is then joined with the hinge A. At the inter- 
section of R and the line E B, the resultant is resolved into two 
components, one acting along the line just drawn to A, the other 
passing along the line E B to the hinge B, since the component 
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transmitted to B must pass along the straight line E B, connecting 
the hinges E and B. 

The permanent load hne is next laid off vertically in Fig. 130; 
a parallel to the comi>onent acting at j4 is drawn through its upper 
end, and a parallel to the component transmitted to B through its 
lower end, these lines intersecting at n. Fig, 130; a horizontal is then 
drawn through the lower end of load line, next the vertical a 6 is 
drawn, and by is made equal to b c. Join a y, which then = the 
component passing from the permanent load on the right half of 
the tru83 through E io A, and ad = the component from the half 
truss ACE, acting at A. Joining d y, this represents the entire 
reaction at A for the permanent loads on the entire truss. The 
permanent stress diagram is then easily completed by proceeding 
from A to C, then beginning again at E, joining the two ends of the 
diagram near C, where the last stress line must be parallel to the 
corresponding member, if the work is correct. 

Since there is no snow on the side walls, the resultant iS of all 
enow loads on the truss ACE must act vertically at the centre of 
the middle panel of the roof truss. Producing this resultant S 
upward to intersect E B extended as before, this intersection is 
joined with A. The snow stress diagram is then completed in the 
same manner as the permanent stress diagram. 

Since the wails are liere assumed to be enclosed, the maximum 
[wind pressure of 40 lbs. tiiere acts on this vertical surface A C. The 
resultant \V of all wind loads on wall and roof of the half truss ia 
then located and produced to intersect E B, this intersection here 
falling below the limits of the drawing. The intersection is then 
ioine<l with .4, obtaining the line of the reaction at A, since there 
being no wind loads on the other halt truss, no component can be 
transmitted to A through E. 
i In Fig, 132, the wind loads are laid off from a to b'. Through a 
' b then drawn a y parallel to reaction at -4 , and through b,by parallel 
itrt E B, the location of the reaction at B. Their intersection then 
[ becomes the y-point of the wind stress diagram, and the diagram ia 
readily completed. 
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208. Btr«B8 Sheet tor Bzanqde 16. — 



M^ber. 


P.«™. 


S-atnm. 


W-nUvmW. 


W^^L. 




MiolmnB. 


.V 1 


- 2.5 


+ 1.8 


-23.0 


+ 7,8 


-25,5 


+ 7,1 


X 2 


- 0.8 


+ 1.8 


-23,0 


+ 7,8 


-23,8 


+ 8.8 


X 4 


+ 0.9 


+ 1.8 


-16,6 


+ 7.8 


-13,7 


+10.6 


X 5 


+ 2-6 


+ 2.2 


-17.2 


+ 7.6 


*-H,6 


+ 12,4 


X 7 


- 1.0 


- 1.6 


-22.3 


+ 7,6 


-24.9 


+ 6.6 


X 9 


- 4.6 


- 5.8 


-27.7 


+ 7,6 


-37,8 


+ 3.6 


X n 


- 8.0 


-10. 


-33-0 


+ 7,6 


-51,0 


- 0.4 


X 12 


- 8.0 


-10.0 


-33.8 


+ 7.6 


-51,8 


- 0.4 


Y 1 


-11.4 


-13.6 


+20.8 


-14.7 


-39.7 


+ 9,4 


Y3 


-a, 4 


-13.6 


+ 15.6 


-14.7 


-39.7 


+ 4,2 


Y 6 


- 8.1 


- 9.6 


+16.5 


-15.4 


-33.1 


+ 8,4 


y 8 


- 4,2 


- 4.7 


+21,5 


-15,4 


-24.3 


+11,4 


Y 10 


- 0,3 


- 0.0 


+28,4 


-15,4 


-15.7 


+26.1 


y 12 


+ 4.0 


+ 4.7 


+31,2 


-15,4 


-11,4 


+39.9 


1 2 


- 0.0 


+ 0-0 


- 4.0 


- 0.0 


- 4.0 


+ 0,0 


3 4 


- 0,0 


+ 0.0 


- 6 2 


- 0,0 


- 6,2 


+ 0,0 


S 6 


- 4.4 


- 5.5 


- 5,6 


- 0.0 


-15.5 


- 4,4 


7 8 


- 3.5 


- 4.4 


- 4.5 


- 0.0 


-12.4 


- 3,5 


9 10 


- 2,6 


- 3,2 


- 3,4 


- 0,0 


- 9.2 


- 2.6 


11 12 


- 1.8 


- 2.2 


- 2,2 


- 0,0 


- 6,2 


- 1.8 


23 


- 0.0 


- 0.0 


+ 5,3 


- 0,0 


+ 5,3 


+ 0.0 


45 


- 2.9 


- 3.1 


+16,4 


- 8,6 


-14,6 


+ 13.6 


67 


+ 3.6 


+ 4.4 


+ 4-6 


- 0,0 


+12.6 


+ 3,6 


8 9 


+ 3,3 


+ 3.9 


+ 4.1 


- 0,0 


+11,3 


+ 3.3 


10 11 


+ 3.3 


+ 3.9 


+ 4.1 


- 0,0 


+11,3 


+ 3,3 


Tie-rod 


+ 4.4 


+ 5.4 


+ 5,8 


- 0,0 


+ 15,6 


+ 4.4 



Example 1 



— Threb-hinobd Arch with Cantilevers at Ends 



309. Descr^on. — This truss is superior to that of Example 15 
in appearance and the cantilevers would here balance the half 
arches on the supports M and A'^, so that no portion of the permanent 
or snow loads on the left half truss would be transmitted aloi^ the 
line L N to the support N. It is here assumed that the vertical 
wall M B is open and that the vertical surface H G is encloaed. 
Such a truss would be very suitable for a large train shed covered 
by a single roof. That of the I. C. R., at 12th St., Chicago, is i^ 
thb type, but with shorter cantilevers at sides, and the trusses are 
spaced in pairs with no apparent advantage resultii^ ther^rom. 
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210. Programme. — Truss of type as in F^. 133; central arch, 100 
ft. span and radius; cantilevers of 50 ft. span each; 25 ft. clear 
height from floor to cantilevers, which have 20 ft. rise; rise of middle 
roof, 20ft.; 16 equal horizontal paneb; material, steel; covering of 
painted tin on 7/8-inch longleaf pine sheathing; trusses, 25 ft. on 
centres; location at Buffalo; latitude about 42 2/3° north ; ordinary 
exposure; sides open below cantilevers only, 

20 
ail. Dimensions.— Tan » = 75 = 0.4000 = tan 21.8°, for all roofs. 

l = ^ = 12.5 ft.; I' = ^f^ = 13.46 ft. 
16 cos 21.8 

A = 13.46 X 25.00 = 336.5 sq. ft. = apex and purlin areas. 

212. ^ei Loada. — Assume the truss to have the same weight 
as one of 100 ft. span, as this would probably be sufficient. 

100 lOO' 
Truss = -^ + .„anrt ^ 4.794 lbs. per horizontal sq. ft. 

Snow = 2.5 (42 2/3° - 35°) = 19.17 lbs. per horizontal sq. ft. 

2 
Wind = — X 21.8° = 14.53 lbs. per inclined sq. ft. 

Wind = 30 lbs. per sq. ft. of vertical wall above cantilevers. 

It is here best to average the weight of the truss for joints of 
upper chord only. 

Total weight of truss including cantilevers = 4.794 X 25 X 200 = 
23970 lbs. 

Counting 25 apexes ii 

959 lbs. per apex of upper chords. 

P at A and B for truss only = 959 lbs. = 0.480 tons. 

PatCandZ- = ~^(2 + 4-|-4-|-3)-f-959 = 3146 lbs. = 1.573 
tons. 

PatD,^,f.^y.and^-336.5(2+4 + 4 + 3)+9o9 = 53331ba.= 
2.667 tons. 
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Pat(JandH-(^ + 5^)(2 + 4 + 4 + 3)+959.6623 
lbs. - 3.312 torn. 

S at C, 0, H, and L = ^^ X 19.17 cos 21.8° - 2995 lbs.- 
1.498 tons. 

S at D, E, F, I, J, and if - 336.5 X 19.17 cos 21.8° - 5990 
Ibe. = 2.995 tons. 

W at C and t - ^~ X 14.53 = 2446 lbs. = 1.223 tons. 

IF at D, B, F, G, ;, J, and K -336.5 X 14.53 -4890 lbs. - 2.445 tons. 

21 4 y 2'i 00 
W&tG&ndH = g X 30.00 = 8026 lbs. = 4.013 tons. 

313. Total Loadi on Half Trail.— 

Permanent = 2 X 0.480 + 2 X 1.573 + 6 X 2.667 + 2 X 3.312 
= 26.73 tons. 

Snow = 4 X 1.498 + 6 X 2.995 = 23.96 tons. 

Resultant of wind loads must be obtained graphically. 

211. Stress Diagrams. — Since the permanent loads are equal 
on both sides of the vertical drawn through the support M and 
balance each other about it, that vertical will contain their resultant, 
which acts entirely at M. The P stress diagram is shown in Fig. 
134. The jz-point for the cantilever is found on the load line after 
passing the P loads at A and B aa indicated. Beginning there, 
the diagram for cantilever is completed as in Example 13, Fig. 112. 
Then commencing ^ain at L and using the lower end of load line 
as the jz-point, complete the diagram for the upper portion of the 
truss, joinii^ the parts of the stress diagram near the junction of 
the cantilever and arched portion. For this truss, the stress diagram 
is to be commenced at three points, M, C, and L, instead of but two, 
as in the previous examples. The stresses in X 1 and X 2 are here 
represented by the entire length of the load line in Fig. 134. 

The snow loads at the apexes balance similarly about the vertical 
drawn through M, and this vertical coincides with their resultant. 
Hence the snow stress diagram in Fig. 135 is drawn in the same 
manner as Fig. 134, though appearing in a slightly different form, 
there being no snow loads on the vertical wall at GH, and the 
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permaneat weight of truss being omitted, so that do loads appear 
at M and A. 

The resultant of the wind loads here passes through the middle of 
the vertical GH and is parallel to their resultant in Fig. 136, the 
wind stress diagram. Its mtersection with the chord L N here falls 




FtOS. 133-136.— Tniu with Thi«« Hinges and OvGrhangi. 

below the drawing, but is connected with M, locating the reaction 
at M. Draw a parallel to this reaction through the upper end of 
the load line and a parallel to L N through the lower end; their 
intersection is then the j/-potnt for the wind stress diagram, which 
is readily completed as before. 
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216. Stress Sheet (or Szaii^e 16.— 



U«mlwr. 


P-0tnm. 


S^tna. 


W-UtmW. 


W^L. 






X 1 


-26.7 


-24.0 


-352,0 


+76,5 


-402.7 


+49.8 


X 3 


-26.7 


-24.0 


-148.0 


+34,2 


-198.7 


+ 7.5 


X 5 


+ 4.3 


+ 4.0 


+ 2.9 


+ 0.0 


+ 11.2 


+ 4.3 


X 6 


+ 4.3 


+ 4,0 


+ 2,8 


+ 0-0 


+ 11. 1 


+ 4.3 


X 8 


+ 7,9 


+ 8-0 


+ 4.4 


+ 0.0 


+ 20.3 


+ 7.9 


X 10 


+11,4 


+ 12-1 


+ 7.0 


+ 0,0 


+ 30.5 


+11.4 


X 14 


+ 3,8 


+ 6.0 


- 20.5 


+ 9.1 


+ 18.9 


-16.7 


X 16 


+ 5,6 


+ 5,5 


-29.0 


+12.5 


+ 23.6 


-23.4 


X 18 


+ 5,7 


+ 5-7 


— 38.0 


+17.3 


+ 28.7 


-32.3 


X 20 


+ 4,7 


+ 4.2 


- 53.4 


+25.5 


+ 34.4 


-48.7 


X 21 


+ 6,3 


+ 6-1 


- 52.7 


+25.5 


+ 37.9 


-48.4 


Y 1 


- 0,0 


~ 0-0 


+343-4 


-87.0 


+343.4 


-87.0 


Y 2 


- 0,0 


-0.0 


+343.0 


-37.2 


+343.0 


-37,2 


r 4 


- 0,0 


- 0,0 


+138-8 


-44.7 


+138.8 


-44,7 


1' 5 


- 4,0 


- 3-7 


- 3-1 


- 0.0 


- 10.8 


- 4.0 


Y 7 


- 7,3 


- 7.4 


- 6.4 


- 0.0 


- 21.1 


- 7.3 


1-9 


-10,6 


-11,2 


- 9.8 


- 0.0 


- 31.6 


-10.6 


Y 11 


-13,9 


-15,0 


- 13-1 


- 0.0 


- 42.0 


-13.9 


Y 13 


-28,8 


-30,9 


+ 36.2 


-27.1 


- 86.8 


+ 7.4 


Y 15 


-13,9 


-14,9 


+ 19.0 


-19.6 


- 48.4 


+ 5.1 


Y 17 


-12,2 


-12,9 


+ 25.8 


-22,7 


- 47.8 


+13.6 


Y IB 


-10,1 


-10 5 


+ 35.9 


-27,5 


-48.1 


+25,8 


7 21 


- 7.1 


- 6,8 


+ 52.2 


-33,6 


- 49.5 


+45,1 


1 2 


- 


- 0,0 


+ 51.0 


- 9,8 


+ 51.0 


- 9.S 


3 4 


- 0,0 


- 0,0 


+ 37,4 


- 8,7 


+ 37.4 


- 8.7 


5 6 


- 2 7 


- 3.0 


- 2.7 


- 0,0 


- 7.4 


- 2.7 


7 8 


- 4.0 


- 4,5 


- 4.0 


- 0,0 


- 12.5 


- 4.0 


10 


- 5.3 


- 6.0 


- 5.6 


- 0.0 


- 16.8 


- 6.3 


11 12 


- 0.6 


- 3.2 


- 49-2 


+16,7 


- 53.9 


+16.2 


12 13 


- 0.0 


- 0.0 


+ 23-2 


- 7.8 


+ 23.2 


- 7.8 


14 15 


-10.0 


-10-7 


+ 11-8 


- 0.5 


- 27,2 


+ 1,8 


16 17 


- 4 1 


- 4,7 


- 8.9 


+ :i.O 


- 17,7 


- 1.1 


18 19 


- 2.3 


- 3,8 


- 6,3 


+ 1.8 


- 12.4 


- 0.5 


20 21 


- 2.6 


- 2.9 


- 2-2 


+ 0.0 


- 7,7 


- 2.6 


2 3 


+ 0-0 


+ 0,0 


- 2.0 


+42.4 


+ C4 


- 2.0 


6 7 


+ 4 3 


+ 4.8 


+ 4.2 


+ 0.0 


+ 13,3 


+ 4.3 


8 


+ 5.2 


+ 5.9 


+ 5.3 


+ 0.0 


+ 16.4 


+ 5.2 


10 11 


+ 6.2 


+ 7.1 


+ 0,4 


+ 0.0 


+ 19.7 


+ 6.2 


12 4 


-22,8 


-30,1 


-102,5 


+ 17.5 


-155.4 


- 5.3 


13 14 


+ 16.3 


+ 17.5 


- 18,7 


+ 8.2 


+ 42.0 


- 8.1 


15 16 


+ 3.3 


+ 3,8 


+ 13,1 


- 6.2 


+ 20.2 


- 2.9 


17 18 


+ 3.0 


+ 3,4 


+ 14.3 


- 6.8 


+ 20.7 


- 3.8 


10 20 


+ 34 


+ 4.1 


+ 18,2 


- 9.2 


+ 25.7 


- 5.8 
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Example 17. — MANaARD Hip Roof 

216. Description.— This roof covers a large hall 200 X 100 ft., 
between centres of enclosing walls, nearly simiiar to the armory of 
the University of Illinois, excepting that its length is increased from 
150 to 200 ft., and the trusses are to be entirely of steel, instead of 
being of wood with diagonals and lower chord of steel. The form 
of truss is similar. The plan of the entire roof in Fig. 136 a shows 
the arrangement of the trusses, of which there are 5 intermediate 
trusses, 2 main trusses supporting at their middles the ends of a half 
truss, and of 2 half hip trusses; 4 half hip trusses; 2 half intermediate 
trusses; 8 jack trusses of 1/3 span and 8 jack trusses of 1/6 span 
each. The lower chord is a circular arc, and the panels have equal 
horizontal lengths. The entire construction of the roof ia assumed 
to be visible internally. 

217. Prosrunme. — Typeof truss asinFig. 137; trusses arrat^ed 



^ 


\ 




1 — 








1 




.1/ 


^ 


/ 
















V 



P[hd or Mansard Roof. 

as in Fig. 136; span, 100 ft.; rise of upper chord at edge of deck, 
17.5 ft., at ridge, 25.0 ft.; rise of lower chord, 10 ft,, forming a 
circular arc; 10 equal horizontal paneb; steep side slated on felt 
and sheathing; deck tinned on sheathing; 1 1/S-inch longleaf pine 
sheathing; no rafters; steel purlins and trusses; trusses 16 2/3 ft. 
on centres; location at Columbus, 0.; latitude, about 40° north; 
maximum exposure. 

17.5 



218. Dimaiialons. — Tan 



7.5 
"40.0' 



10.0 
tan 10.6° for deck. 



= tan 60.3° for side. 
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/' = -^~^ = 20.20 ft. for aide, 
cos 60.3* 

V = ^^.?lo = 10.17 ft. for deck, 
cos 10.6 

A = 20.20 X 16 2/3 = 336.7 sq. ft. = apex area for side. 

A = 10.17 X 16 2/3 = 169.6 sq. ft. = apex area for deck. 

319. Apex Loads. — 

100 IOC 
Trues = -^ + t^^^ = 4.794 lbs, per horizontal sq. ft. 

Snow = 2.5 (40' - 35°) = 12.5 lbs. per horizontal sq. ft. 
Wind = 50,00 lbs. per inclined sq. ft. for side. 

Wind = -g X 10.6° = 11.78 lbs. per inclined sq. ft. for deck. 

P = 336.7 (12 + 4.5 + + 4 + 4.794 cos 60.3°) -= 7706 lbs. = 
3.853 tons for side. 

P = 169.6 (2 + 4.5 + + 4 + 4.794 cds 10.6°) -= 2580 lbs. = 
1.290 tons for deck. 

S = 336.7 (12.5 cos 60.3°) = 2084 lbs. = 1.042 tons for aide. 

S = 169.6 (12.5 cos 10.6°) = 2082 lbs. = 1.041 tons for deck. 

H^ = 336.7 X 50.00 = 16840 lbs. = 8.420 tons for side. 

W = 169.6 X 11.60 = 1964 lbs. = 0.982 tons for deck. 

220. Total Loads on Half Intsnnediate Truss. — 

Permanent = ^'^ ^ "^ + 1.290 X 3 1/2 = 7.09 tons. 

Snow = 1.041 X 4 1/2 = 4.68 tons, 
i. 
2 

Wind at B perpendicular to deck = -^ — = 0,49 tons. 

Wind loads on deck = 0.982 X 3 1/2 = 3.44 tons. 

221. Sbress Diagrams. — Commence with an intermediate truss, 
Fig. 137. The permanent stress diagram in Fig. 138, the snow 
stress diagram in Fig. 139, and the wind stress diagram in Fig. 140 
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FioB. 137-149.— Manaard Roof TniBS, 
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present no difficulties. The stress lines for the lower chord evidently 
radiate from the y-point, since no apex loads are assumed to be 
supported by the lower chord. The y-point for the wind stress 
diagram is located by equilibrium polygon, as before. 

Taking next the half intermediate truss at the middle of each 
end of the roof, it is of the same form and has the same loading as 
the half intermediate truss just considered. But the end A rests 
on the wall and the inner end F is supported at the middle of the 
upper chord of the m^n truss, together with the ends of the two 
di^onaJ hip trusses meeting there. No stress exists in the vertical 
9 9' or in the member y 9. Figs. 141, 112, and 143 are the corre- 
sponding permanent, snow, and wind stress diagrams. The reactions 




Fig. IBI fig. loa 

Fios, 150-153.— Half Hip Truaa 

at the ends of the half truss are found by equilibrium polygon. 
The horizontal component of the wind reaction at the inner end of 
this truss may be neglected, being small and either resisted by the 
sheathing of the roof or transmitted through the truss back to the 
wall. 

Similarly, Figs. 144, 145, and 146 are the permanent, snow, and 
wind stress diagrams for the one-third jack truss; Figs. 147, 148, 
and 149 are those for the one-sixth jack truss. Fig. 136. The reac- 
tions at the upper ends of the jack trusses form the concentrated 
loads on the diagonal hip trusses, excepting that the horizontal 
components of the wind reactions are omitted for the reason already 
given. 



ly Google 



Fig. 150 represents the elevation of the tialf hip truss, in which 
the horizontal panel length = lO.O V 2 = 14.14 ft. The apexes 
are at the same heights as those corresponding on the intermediate 
truss, and the apexes of the lower chord lie in an elliptical arc of the 
same rise as for the half int«rmediate truss. 

The positions of the vertical components of the loads on this 
truss behig determined, the stress diagrams are readily drawn, 
Figs. 151, 152. and 153 being the permanent, snow, and wind stress 
diagrams. By the equilibrium polygon must be determined the 
y-points and the magnitude of the toads transmitted to the middle 
of the main truss. 

Finally, since the additional loads supported at the middle of 




FiGB. 154-157. 



the main truss have been determined, its stress diagrams can next 
be drawn. Fig, 154 is the truss diagram, and Figs. 155, 156, and 
157 ore the respective permanent, snow, and wind diagrams. 

The trusses supporting the roof over the Armory of the University 
of Illinois are of similar form, but were constructed with wooden 
upper chords and verticab, steel rod diagonals, and lower chord. 
Their appearance is quite aatisfaetory, in consideration of their 
[ 110(1 e rate cost. 



^ 




^^M 




92 STRESSES BY GRAPHOSTATIC8 "^H^B 




222. Staress Sheets lor Example 17.— 1 




iMAIN TRUSSES | 


kbmber. 


Ptcnm. 


S^^ 


w^u^ 




Utoimuin. 


H 


XI 


-14,6 


-10.2 


-10,0 


-34.8 


-14,6 


^^1 


A" 2 


- 7.4 


- 5.0 


- 9,0 


-21.4 


- 7,4 


^H 


A- 4 


-13.8 


-10,3 


-12,0 


-36-1 


-13.8 


^^1 


X 6 


-19,0 


-14.3 


-13,8 


-47.1 


-19,0 


^^1 


A' 8 


-21.6 


-16.4 


-13.8 


-51.8 


-21.6 


^H 


Y 1 


+ 7.6 


+ 5,4 


+ 8,0 


+21.0 


+ 7.6 


^^1 


F 3 


+ 14,0 


+10,5 


+ 10,8 


+35.3 


+14,0 


^H 


y 6 


+ 19 


+14.2 


+ 12,0 


+45.2 


+19-0 


^^1 


Y 7 


+21.5 


+ 16.0 


+ 11.8 


+49.3 


+21.5 


^^1 


r D 


+21,7 


+ 16.5 


+ 10.0 


+48.2 


+21.7 


^H 


1 2 


+ 8.8 


+ 7,0 


+ 4,5 


+20.3 


+ 8.8 


^^1 


3 4 


+ 7,5 


+ 5,8 


+ 2,6 


+15.9 


+ 7,5 


^H 


5 6 


+ 5,3 


+ 3.8 


+ 0.8 


+ 9.9 


+ 5.3 


^^1 


7 8 


+ 2,0 


+ 1.5 


- 1.5 


+ 3.5 


+ 0,5 


^^1 


9 9' 


+ 2,0 


+ 1.5 


+ 1,0 


+ 4.5 


+ 2.0 


^^1 


2 3 


-11.5 


- 9.3 


- 5,0 


-25,8 


-11.5 


^H 


4 5 


- 8,7 


- 7.0 


- 2.6 


-25.0 


- 8.7 


^^1 


6 7 


- 4.5 


- 3.5 


+ 0.5 


- 8.0 


- 4.0 




8 9 


- 0.8 


- 0.5 


+ 2.7 


- 1.3 


+ 1.9 


INTERxMEDIATE TRUSSES f 


Mimbcr. 


P-Knm. 


S-nnm,. 


W-tnmW. 


W-OituL. 


— 


Minin.™-. 


X 1 


-10,4 


- 6.9 


- 7.3 


- 2,2 


-24.6 


-10.4 




A- 2 


- 5.4 


- 3.6 


- 7.5 


- 1.1 


-16.5 


- 5.4 




X 4 


- 9,3 


- 6.7 


- 9.0 


- 2,6 


-25.0 


- 9.3 




X6 


-11,8 


- 8,8 


- 9.3 


- 4,2 


^29,9 


-11.8 




X 8 


-12,6 


- 9-5 


- 8.3 


- 5,4 


-30-4 


-12. Q 




y 1 


+ 5.6 


+ 3.8 


+ 6.9 


- 0,5 


+ 16.3 


+ 5.1 




y 3 


+ 9.5 


+ 6.9 


+ 8.1 


+ 1.0 


+24.6 


+ 9.5 




ys 


+11-8 


+ 8.8 


+ 8-0 


+ 3.6 


+28-6 


+11.8 




y7 


+12.5 


+ 9.4 


+ 6.7 


+ 3,8 


+28.6 


+12.5 




yo 


+11.5 


+ 8.8 


+ 4,7 


+ 4,7 


+25.0 


+11.5 




1 2 


+ 5.4 


+ 4.3 


+ 2.2 


+ 1.8 


+11.9 


+ 6.4 




3 4 


+ 4.0 


+ 3.2 


+ 0.8 


+ 1,9 


+ 9.1 


+ 4-0 




5 6 


+ 1. 9 


+ 1.6 


- 1.0 


+ 1.8 


+ 5.3 


+ 0.9 




7 8 


- 0.3 


- 0.2 


- 2.5 


+ 1.6 


+ 1.3 


- 3.0 




» 9- 


+ I.O 


+ 0.7 


+ 0.4 


+ 0.4 


+ 2.1 


+ 1.0 




2 3 1-7.2 


- 5.7 


- 2.4 


- 2.6 


-15.5 


- 7.2 




4 5 - 4.4 


- 3.7 


- 0.1 


- 2.7 


-10.8 


- 4.4 




6 7 1-1,4 


- 1,3 


+ 2,1 


- 2.3 


- 5.0 


+ 0.7 


1 


8 9 ' + 1.6 


+ 1 1 


+ 3,7 


- 1.6 


+ 6.4 


+ 0.6 


^^^ ^U 
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MANSAHD HIP ROOF 
HALF TRUSS 



Memtw 


P-titm. 


S-rtrw. 


W-Uitm. 


M^^. 


MU.^™. 


X 1 


- 4.2 


- 3,0 


- 5-3 


-12.5 


- 4.2 


X 2 


- 2.6 


- 1,6 


- 6.5 


-10-6 


- 2.6 


Xi 


- 3.8 


- 2.5 


- 7.0 


-13-1 


- 3.6 


X 6 


- 3.4 


- 2.5 


- 6,3 


-12-2 


- 3.4 


X 8 


- 2.0 


- 1.6 


- 4.6 


- 8.2 


- 2.0 


Y 1 


+ 2.8 


+ 1.6 


+ 5.1 


+ 9.5 


+ 2.8 


Y 3 


+ 3.7 


+ 2.5 


+ 5.3 


+11.5 


+ 3.7 


Y 5 


+ 3.4 


+ 2.5 


+ 4.3 


+10.2 


+ 3.4 


Y 7 


+ 2.0 


+ 1.5 


+ 2.3 


+ 5.8 


+ 2.0 


Y g 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0,0 


+ 0.0 


1 2 


+ 1.4 


+ 1.3 


+ 0.8 


+ 3.5 


+ 1.4 


3 4 


+ 0.1 


+ 0.3 


- 0.7 


+ 0.4 


- 0-6 


6 6 


- 2.0 


- 1.1 


- 2.2 


- 5,3 


- 2.0 


7 8 


- 2.8 


- 2.2 


- 3,2 


- 8-2 


- 2.8 


9 9- 


- 0.0 


- 0,0 


- 0.0 


- 0-0 


- 0.0 


2 3 


- 1,8 


- 1,8 


- 0,5 


- 4.1 


- 1.8 


4 5 


- 0.4 


- 0.0 


+ 1.6 


- 0.4 


+ 1.2 


6 7 


+ 2.5 


+ 1.6 


+ 3.3 


+ 7-4 


+ 2.5 


8 g 


+ 3,6 


+ 2.9 


+ 4,2 


+10.7 


+ 3.6 



HALF HIP TRUSS 



Usntxr. 


P.^ 




W-rtreB. 


Mmimuni. 


Mi„.„u». 


X 1 


- 3.1 


- 1.6 


- 3.1 


- 7.8 


-3.1 


X 2 


- 2.0 


- 1.1 


- 2.0 


- 5.1 


- 2.0 


X 4 


- 3.6 


- 2.0 


- 3.5 


- 9.1 


- 3.6 


X6 


- 4.0 


-2.3 


- 3.8 


-10.1 


- 4.0 


X8 


- 2.4 


- 1.3 


- 2.1 


- 5.8 


- 2,4 


Y 1 


+ 2.0 


+ 1.1 


+ 2,0 


+ 5,1 


+ 2.0 


Y3 


+ 3.7 


+ 2.0 


+ 3.6 


+ 9.3 


+ 3.7 


Y 5 


+ 4,0 


+ 2,3 


+ 3.8 


+ 10.1 


+ 4.0 


Y7 


+ 2.3 


+ 1.3 


+ 2.2 


+ 5.8 


+ 2,3 


r 9 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


1 2 


+ 1.6 


+ 0-9 


+ 1.6 


+ 4.1 


+ 1.6 


34 


+ 0.6 


+ 0-4 


+ 0.4 


+ 1,4 


+ 6 


56 


- 1.2 


- 0-7 


- 1.3 


- 3.2 


- 1-2 


78 


- 2.2 


- 1.4 


- 2.4 


- 6.0 


- 2 2 


23 


+ 2.4 


+ 1.4 


+ 2.4 


+ 6.2 


+ 2.4 


4 5 


+ 0.6 


+ 0.4 


+ 0.4 


+ 1.4 


+ 6 


6 7 


- 2.3 


- 1.4 


- 2.4 


- 6.1 


- 2 3 


8 9 


- 3.4 


- 2.0 


- 3.3 


- 8.7 


- 3 4 
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ONE-THIRD JACK TRUSS 



M^^. 


"*™^ 


S^^. 


r.^ 




.O^, 


X 1 


- 3.5 


- 1.8 


- 3.4 


- 8.7 


- 3,5 


X 2 


- 1.8 


- 0,9 


- 5.6 


- 8,3 


- 1,8 


X 4 


- 1,8 


- 1.1 


- 5.0 


- 7,9 


- 1.8 


X 6 


- 0.6 


- 0.4 


- 3.3 


- 4.3 


- 0.6 


r ! 


+ 1.9 


+ l.O 


+ 3.6 


+ 6.5 


+ 1,9 


Y 3 


+ 1.8 


+ 1,2 


-f 2.7 


+ 5.7 


-1- 1,8 


y 5 


-1- 0.6 


-1- 0.4 


+ 0.8 


+ 1.8 


+ 0,6 


End-rod 


-1- 2,5 


+ 1.7 


+ 3,2 


+ 7.4 


+ 2.5 


1 2 


+ 0,1 


+ 0,3 


- 0.7 


+ 0.4 


- 0.8 


3 4 


- 1.4 


- 0,8 


- 2,1 


- 4.3 


- 1,4 


5 6 


- 2,3 


- 1,6 


- 3,0 


- 6.9 


- 2,3 


2 3 


+ 0.1 


- 4 


+ 1,5 


- 0,3 


-1- 1,6 


4 5 


+ 2.1 


-1- 13 


+ 3,3 


■t- 6,7 


+ 2,1 



ON&SIXTH JACK TRUSS 



- 0,8 


- 3.0 


- 1,5 


- 3.7 


- 4,9 


- 0,8 


+ 1.1 


+ 2,3 


+ 0,5 


+ 2-6 


+ 5.4. 


+ 1,9 


- 2 


- 4,2 


- 1,5 



Example IS. — A Compound Truss 

223. Desraription. — For comparisoD of the appearance and 
economy of this compound type with those of a simple truss having 
the same span and rise. This is composed of a primary truss of 4 
equal panels, the members of the upper chord being lattice trussed 
to .support intermediate purlins. No rafters. It is to be compared 
with a simple truss of 8 panels supporting rafters and purlins. 

224. Programme. — Truss of type as in Fig. 158; span, 100 ft.; 
rise, 20ft.; 4 equal panels in primary truss; material, steel; covering 
of painted tin on 7/8-inch longleaf pine sheathing; no rafters, Bted 
purlins and trusses; trusses, 16 ft. on centres; 9 equal spaces for 
intermediate purlins on member of upper chord; location at Htts- 
burgh; latitude about 40.1" north; medium exposure. 
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COMPOUND THUS8 



226. Utiiflnaloiu. — Tan i 

, 100 „, ^ „ 25.00 

I = -— ■= 25.00; /' = 



C08 21.8° 

With 9 purlin spaces per member of upper chord, — '— — = 

2.992 ft. 0. C. 

A = 2.992 X 16 = 47.87 aq. ft. = each purlin area. 
326. Purlin Loads.— 
100 lOO' 
Truss = -rr- = tts^ = 4.794 lbs. per horizontal sq, ft. 

Snow = 2.5 (40.1' - 35°) = 12.75 lbs. per horizontal sq. ft. 

. per inclined sq. ft. 

P = 47.87 (2 + 4 + + 4 + 4.794 cos 21.8") = 692 lbs. 

S = 47.87 (12.75 cos 21.8°) = 567 lbs. 

W = 47.87 X 18.38 ■= 880 lbs. 

227. Total Loads on Member of Upper Chord. — 

Permanent = 692 X 8 = 5538 lbs. = 2.77 tons. 
Snow = 567 X 8 = 4536 lbs. = 2:27 tons. 
Wind = 880 X 8 = 7040 lbs. = 3.52 tons. 

2S8. Total Loads on Half Primaiy Truss. — 

Permanent = 692 X 13 1/2 = 9342 lbs. = 4,67 tons. 
Snow = 567 X 13 1/2 = 7655 lbs. = 3.83 tons. 
Wind = 880 X 13 1/2 = 11880 lbs. = 5.94 tons. 

229. SUess Diagrams. — Figs. 159, 160, and 161 arc the perma- 
nent, snow, and wind stress diagrams for the primary Fink truss of 
4 panels. 

The lattice trussed member, Fig. 158 a, of the primary trus.*, is 
to be treated as a separate truss, supported at its ends by the primary 
truss and carrying 8 purlins and their loads. Fig. 162 is its /* stress 
diagram. The snow stresses may be found by the porportionr 
2.77 : 2.27 : : P stress ; S stress on the same member. Fig. 163 is 
its IF stress diagram. The panels of this lattice truss are lettered 
a to 5 from the lower end. The P, S, and W stresses in the lattice 
members are entered on the stress sheet as shown. Then the maxi- 
mum total lattice stress occurring on any member of upper chord is 
entered on the stress sheet from primary truss, since the member 
must safely reidst such stress in addition to that due to the primary 
trusB. 



ly Google 



STRESSES BT GRAPHOSTATICS [Ch. i 

Or the maximum stresses in the members of the lattice trues may 
B found by a sin^e stn^ diagram, as in Fig. 164. Here the load 




FlOB. ISft-lOl. — Compound Truss. 

line = (P load + S load) cob i + W = (2.77 + 2.27) cos 21.8' + 
r3.52 " 8,20 tons. 

■ 230. Str«*i Sheets for Example IS. — 
P PRIMARY TRUSS 



M-nb-. 


P.*t™. 


..«-. 


F-««-. 


i,«i«. 






X 1 


-12 5 


-10.4 


- 9.2 


-15.8 


-47.9 


-17.5 


X 2 


-11.4 


- 9.4 


- 9.2 


-15.8 


-45,8 


-16.5 


Y 1 


+ 11,6 


+ 9,4 


+ 9.2 


+ 0.0 


-1-31.1 


+U.fi 


Y 3 


+ 7.7 


+ 6.4 


+ 4-5 


+ 0.0 


-H8-6 


-f- 7.7 


1 2 


- 2,9 


- 2.3 


- 4-0 


- 0,0 


- 9-2 


- 2.9 


3 4 


+ 3.9 


+ 3-2 


+ 5-4 


+ 0-0 


-M2.5 


+ 3.9 



COMPOUND TRUSS 



TRUSSED MEMBER OF UPPER CHORD 



m™^™. 


p^t™. 


S^Utm. 


W.^ 




A- a 


- 4.7 


~ 3,9 


- 6.0 


-14,6 


X c 


- 5.0 


- 4.1 


- 6.6 


-15.7 


X » 


- 5.0 


- 4.1 


- 6.7 


-15.8 


X g 


- 4,9 


- 4.0 


- 6.7 


-15.6 


X i 


- 4.9 


- 4.0 


- 6.7 


-15.6 


X k 


- 4.8 


- 3.9 


- 6.7 


-15.4 


Xm 


- 4.6 


- 3.8 


- 6.7 


-15.1 


X 


- 4.4 


- 3.6 


- 6,5 


-14.5 


X q 


- 4.1 


- 3.4 


- 6,2 


-13.7 


Yb 


+ 4.4 


+ 3.6 


+ 6,3 


+14,3 


Y d 


+ 4.9 


+ 4.0 


+ 7,0 


+15.9 


Y f 


+ 4.9 


+ 4.0 


+ 7.0 


+15.9 


Y h 


+ 4.9 


+ 4.0 


+ 6,9 


+ 15,8 


y i 


+ 4.9 


+ 4.0 


+ 6.9 


15.8 


Y I 


+ 5.0 


+ 4.1 


+ 6.9 


16. 


Y n 


+ 5.0 


+ 4.1 


+ 7.0 


10. 1 


Y V 


+ 5.1 


+ 4.2 


+ 6,9 


+ 16.2 


y g 


+ 4.7 


+ 3.9 


+ 6.4 


15.0 



Membw. 


F-fnm. 


5*-. 


B^.«™. 






-0.6 


- 0.5 


- 0.8 


- 1.9 




- 0.3 


- 0.2 


- 0.4 


- 0.9 




- 0.3 


- 0.2 


- 0.3 


- 0,8 




- 0.2 


- 0.2 


- 0.3 


- 0.7 




- 0,2 


- 0.2 


- 0.3 


- 0.7 




- 0,2 


- 0.2 


- 0.3 


- 0.7 




- 0.3 


- 0.2 


- 0.2 


- 0.7 




- 0.3 


- 0.2 


- 0.3 


- 0.8 




+ 0.2 


+ 0.2 


+ 0.3 


+ 0.7 




+ 0.2 


+ 0.2 


+ 0.3 


+ 0.7 




+ 0.2 


+ 0.2 


+ 0,3 


+ 0.7 




+ 0.2 


+ 0.2 


+ 0.3 


+ 0.7 




+ 0-2 


+ 0.2 


+ 0.3 


+ 0.7 




+ 0.2 


+ 0.2 


+ 0.3 


+ 0.7 


n 


+ 0,2 


+ 0.2 


+ 0.5 


+ 0,9 


P 1 


+ 0.5 


+ 0.4 


+ 0.6 


+ 1,5 
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Example 19. — A Simple Fine Truss 

231. Desdiptdon. — For comparison of stresses, efficiency, and 
economy with the compound truss of Example 18. 

232. Programms. — Truss of type as in Fig. 165; span, 100 ft.; 
rise, 20 ft.; 8 equal panels; material, steel; covering of painted tin 




Fink Tniw tor same Roof. 



on 7/S-inch longleaf pine sheathing; steel rafters, purlins, and truss; 
trusses, 16 ft. on centres; location at Pittsburgh; latitude about 
40.1° north; medium exposure 
233. Dimensioiii.^ — 
20 



Tan I 



50 



= 0.4000 = 



100 



= 12.5 ft.; I' 



tan 21.8". 
12,5 



■- 13.46 ft. 



cos 21.8 

A = 13.46 X 16.00 = 215.4 sq. ft. = apex area. 
234. ^ez Loads. — 

Truss = 4.794 lbs. per horizontal sq. ft., as before. 
Snow =: 12.75 lbs. per horizontal sq. ft., as before. 
Wind = 18.38 lbs. per inclined sq. ft., as before. 
P= 215.4 (2+4+4+3+4.794 008 21.8") =3759 lbs. = 1.880 tons. 
S = 215.4 (12.75 005 21.8°) = 2550 lbs. = 1.275 tons. 
IP = 215.4 X 18.38 = 3959 lbs. = 1.980 tons. 
236. Total Loads on Half Truss. — 
Permanent = 1.880 X 3 1/2 = 6.58 tons. 
Snow = 1.275 X 3 1/2 = 4.46 tons. 

Wind = 1.980 X 3 1/2 = 6.93 tons. 
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236. Streu IMagrams. — The permanent, stress, aid wind 
diagrams are given in Figs. 166, 166 a, and 166 b. 

237. Streit Sheet for Examtda 19. — 

















P-rt«-. 


S-.tr™. 


Wttrtwi. 






X 1 


-17.8 


-12.1 


-11.5 


-41,4 


-17.8 


A' •-> 


-17.1 


-11.6 


-11.5 


-40,2 


-17,1 


A' 5 


-16,4 


-11,1 


-11.5 


-39.0 


-IB. 4 


X 6 


-15.7 


-10.6 


-11.5. 


-37,8 


-15,7 


Y 1 


+16.3 


+ 11.2 


+ 12,4 


+40,1 


+ 16,5 


Y a 


+ 14,3 


+ 9,7 


+ 9,8 


+33.8 


+ 14,3 


Y 7 


+ 9.6 


+ 6,5 


+ 4,4 


+20,5 


+ 9,6 



-1.7 I 



-2,3 I + 1,6 



+ 2.6 
+ 5,4 

+ 8,0 



Example 20.— Mansard Hip Hoof with Ceiling 

238. DeBcrU>ti(m.^This roof is designed for a building of the 
same dimensions as in Example 17, being intended to cover a large 
ball in a fireproof structure, with a horizontal ceiling divided into 
square panels by beams 12.5 ft. on centres. Therefore the trusses 
are not visible in the interior. The ceiling and the surface of the 
roof are each composed of concrete slabs 3 inches thick, the roof 
slab being cement plastered on top and the ceiling slab hard plastered 
on its visible surface. The steel trusses do not require to be fire- 
proofed, being enclosed between the fireproof roof and ceiling. 

239. Prograiniae. — Truss of type as in Fig. 167; span, 100 ft,; 
rise of upper chord at ridge, 20 ft.; at edge of deck, 15 ft.; 8 equal 
panels; materials, steel and reenforced concrete, supported by steel 
purlins, beams, and trusses; roof covered by 1-inch cement plaster; 
deck covered by felt and gravel cemented to plastering; side covered 
by tiles on ruberoid felt on plastering; ceiling of 3-inch slab of re- 
enforced concrete plastered beneath, supported by lower chord of 
truss; no fireproofing on trusses; location at Toronto; latitude, 
about 43 2/3° north; maximum exposure. 



.5:!!>r>4ft 
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240. 



DimflDsions. 

■ ^ '50 
' 12.5 

■ ^ 5.0 
' ~ 37.5 

100 
8 
12.5 



= tan 50.2' for side. 



tan 6.6° for deck. 



cos 50,2' 
A = 19.54 X 12.5 = 
A = 12.59 X 12.5 = 
A = 12,50 X 12.5 = 
241. Apex Loads.— 
100 100' 
25 12600 
Snow = 2.5 (43 2/3° - 



Truss = 



^■Vind 



10. 



- X 6.6° 



344.25 sq. ft. = apex area for side. 
157.38 sq- ft. = apex area for deck. 
156.25 sq. ft. = apex area for ceiling. 



= 4.794 lbs. per horizontal sq. ft. 
- 35°) = 21.67 lbs. per horizontal sq, 
7.33 lbs. per inclined sq. ft. for deck. 



*■ Wind = 50.00 lbs. per inclined sq. ft. for side. 

Tiles 11 lbs., plaster 10 lbs., per sq. ft.; concrete 150 lbs. per cu. ft. 

P = 244.25 (11 + 10 + 37.5 + 4 + 4.794 cos 60.2°) = 15794 
lbs. = 7.897 tons. 

P = 157.38 (6 + 10 + 37.5 + 4 + 4.794 t-oa 6.6°) = 9754 lbs. = 
4.877 tons. 

P = 156.25 (10 + 37.5 + 4) = 8047 lbs. = 4.024 tons. 

S = 244.25 (21.67 cos 50.2°) = 3385 lbs. = 1.693 tons. 

S = 157.38 (21.67 cos 6.6°) = 3387 lbs. = 1.694 tons. 

Tr = 244.25 X 50.00 = I22I3 lbs. = 6.107 tons. 

TT = 157.38 X 7.33 = 1154 lbs. = 0.577 tons. 

242. Total Loads on Half Truss.^ 



Permanent : 



7.897 + 4.877 



+4.877X21/2=]8.58toiis. OnlJ.C. 



Permanent = 4,024 X 3 1/2 = 14.08 tons. On L. Chord. 
Snow = 1.694 X 3 1/2 = 5.93 tons. 

Wind = ' = 3.05 tons perpendicular to side, 

Wind = 0.577 X 3 1/2 = 1.73 tons perpendicular to deck. 
Resultant of wind loads is to be found graphically. 



:, 201 MANSAHD BOOF WITH CEILING 




/Pig. Ufi Jig, 183 

F1G8. 107-183.— MBiWMd Roof TniBs with Ceiling- 
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243. Btr«H Dlagmni. — On account of the construction of roof 
and ceiling in reenforced concrete, the loads to be supported are 
much greater than in Example 17; the lower chord is horizontal 
and supports a fireproof ceiliDK; yet the stress diagrams are drawn 
nearly as in that example. 

Fig. 167 represents an intermediate truss; Figs. 168, 169, 170, 
and 171 are the stress diagrams for P, S, ceiling, and W loads. 

For the intermediate half-truss at each end of the roof, the left 
half of the truss diagram in Fig. 167 is employed, the end reactions 
being obtained by the equilibrium polygon, and Figs. 172, 173, 174, 
and 175 are the P, S, ceiling, and W stress diagrams. 

The F, S, ceiling, and W stress diagrams for the three-eighth 
jack trusses are similarly drawn in Figs. 176, 177, 178, and 179. 
Figs. 180, 181, 182, and 183 are the stress diagrams for the one-fourth 
jack tru^'^es. Fig. 184 is the truss diagram for the half-hip or 
diagonal trusses at the angles of the building. Since these trusses 
are unable to resist any forces acting at right angles to their middle 
vertical planes, only the vertical components of the wind reactions 
at ends of jack trusses supported by them are here regarded as loads 
on these hip trusses; the horizontal components are resisted by the 
principals of the other jack trusses attached at the same points of 
the hip truss and by the sheathing of the roof. 

The P, S. C, and W stress diagrams are given in Figs. 185, 186, 
187, and 188. 

Fig. 189 is the truss diagram for the main trusses, each of which 
at its middle supports the Inner ends of a half-truss and two hip 
trusses, therefore tiavlng these additional loads at the middle apexes 
of upper and lower chords. Otherwise its loads are the same as for 
an intermediate truss. The P, S, C, and W stress dii^ams are 
shown in Figs. 190, 191, 192, and 193. 

About two-thirds of the horizontal component of the wind 
pressure on the end slope of the hip roof of the building would be 
supported by the end wall of the building; one-third would be 
carried to the middle apex of the upper chord of the main truss, then 
producing equal horizontal compression in each ridge purlin between 
the two main trusses, being Snally resisted by the two hip trusses 
and tlie half-truss meeting at the corresponding apex of the main 
truss at leeward end of the roof. Hence no longitudinal truss is 
required to connect the middle apexes of the main and intermediate 
trusses. 
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Ex. 20) HANSARD ROOF WITH CEILING 
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S- 181 Kig. isa Fig. is; Fig. 198 

Fioa. 184- 19:i.— Mansard Roof Truss with CeilinB. 
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M 8TBE88ES BY GRAPHOSTAT1C8 

344. SIresi Shsets for EzuI^>le 20. — 

INTERMEDIATE TRUSS 



««.-. 


P*« 


S^tnm. 


ir-atmir. 


W.^L. 


C*- 




X 1 


-24.2 


- 8.0 


- 3.3 


- 1.6 


-18.4 


-S3.9 


X2 


-15.7 


- 5.0 


- 4.5 


- 1.0 


-11.8 


-37.0 


X i 


-23 3 


- 7.8 


- 4.4 


- 1.8 


-18.3 


-53.7 


X 6 


-26.2 


- 8.9 


- 3.8 


- 2.5 


-21.0 


-59.9 


¥ I 


+15.5 


+ 5.0 


+ 3,8 


+ 0.2 


+11.7 


+36.0 


Y 3 


+23.1 


+ 8.8 


+ 3.6 


+ 1.0 


+18.2 


+53.7 


Y 5 


+26.0 


+ 8.9 


+ 3.0 


+ 1.6 


+20.7 


+58.6 


Y 7 


+25,3 


+ 8-6 


+ 2.1 


+ 2.1 


+20.3 


+56.3 


1 2 


+10.2 


+ 3.7 


- 0.3 


+ 1.1 


+12.5 


+27.5 


34 


+ 4.3 


+ 1.6 


- 0.9 


+ 1.0 


+ 7.7 


+14.6 


56 


- 1.0 


- 0.3 


- 1.4 


+ 0.9 


+ 3.4 


+ 3,3 


7 7' 


- 0.0 


- 0,0 


- 0.0 


+ 0.0 


+ 4.0 


+ 4.0 


23 


-12.7 


- 4.6 


+ 0.4 


- 0.4 


-10.7 


-28.4 


4 5 


- 5-2 


- 2.0 


+ 1.1 


- 1.1 


- 4.5 


-12.8 


6 7 


+ 1.3 


+ 0.4 


+ 1.6 


- 1.6 


+ 0.8 


+ 4.1 



THREE-EIGHTH TRUSS 



«™^. 


P-4tKB. 


s^«. 


w^ 


c*-. 


U^^.^ 


X 1 


- 7.8 


- 2.3 


- 1.7 


- 5.3 


-17,1 


X 2 


- 5-0 


- 1-5 


- 3-5 


- 3-4 


-13.4 


X i 


- 4.2 


- 1,3 


- 2-6 


- 3,0 


-11,1 


¥ I 


+ 5.0 


+ 1.5 


+ 2.3 


. + 3,4 


+12.2 


r3 


+ 4.2 


+ 1.3 


+ 1.3 


+ 3.0 


+ 9.8 


Y 5 


+ 0,0 


+ 0.0 


+ 0.0 


+ 0,0 


+ 0.0 


1 2 


- 1.0 


- 0.2 


- 1.4 


+ 3,5 


- 2.8 


3 4 


- 6.0 


- 1.9 


- 1.8 


- 0.5 


-10,1 


2 3 


+ 1.3 


+ 0.3 


+ 1.7 


+ 0,6 


+ 3.9 


4 5 


+ 7.3 


+ 2.3 


+ 2,2 


+ 5,5 


+17,1 





ONE-FOURTH 


JACK TRUSS 




UemlKr. 


P.^™.. 


s*«. 


w^^ 


c^t™. 




X I 


- 4-2 


- 1,2 


- 1.0 


- 2.6 


- 8.9 


X 2 


- 2.7 


- 0,8 


- 3.1 


- 1.7 


- 8.3 


Y 1 


+ 2.7 


+ 0.8 


+ 1,5 


+ 1.6 


+ 6.6 


Y 3 


+ 0.0 


+ 0,0 


+ 0,0 


+ 0.0 


+ 0.0 


1 2 


- 3.5 


- 1,0 


+ 1.9 


- 1.7 


- 6,2 


2 3 


+ 4.6 


+ 1,2 


+ 2,4 


+ 2.8 


+10.9 
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MANSAKD ROOF WITH CEIUNG 
HALF TRUSS 



«™b- 


P-rtrw. 


S-titm. 


W.^ 


C.^ 




X 1 


-n.o 


- 3.3 


- 2.4 


- 8,0 


-24.7 


X2 


- 7.2 


- 2.2 


- 3.9 


- 5.2 


-18.5 


X i 


- 9.0 


- 2.6 


- 3.3 


- 6.2 


-21.1 


X6 


-5.5 


- 1.8 


- 2.4 


- 4.2 


-13.9 


Y 1 


+ 7.1 


+ 2.1 


+ 2.9 


+ 5.1 


+17.2 


r 3 


+ 8.0 


+ 2.6 


+ 2.2 


+ 6.1 


+18.9 


y 5 


+ 5.4 


+ 1.7 


+ 1.2 


+ 4.1 


+12.4 


y 7 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0-0 


1 2 


+ 1.2 


+ 0.6 


+ 1.0 


+ 5.5 


+ 7.3 


34 


- 3.9 


- 1.2 


- 1.4 


+ 1-2 


- 5.3 


56 


- 8.5 


- 2.7 


- 1,9 


- 2,5 


-15.6 


7 7' 


- 0.0 


- 0.0 


- 0.0 


- 0.0 


- 0.0 


2 3 


- 1.5 


- 1.7 


- 1.2 


- 1.8 


- 5,0 


4 5 


+ 4.7 


+ 1.5 


+ 1.7 


+ 3.5 


+ 9.9 


6 7 


+10.0 


+ 3.3 


+ 2.2 


+ 7,9 


+20.1 



HIP HALF TRUSS 



Member. 


P-tbr^m. 


SitrlB. 


W-utm. 


C^tr™. 




X 1 


-18.0 


- 5.0 


- 3.9 


-12.2 


-39.1 


X 2 


-13.6 


- 3.8 


- 4.5 


- 9,3 


-31 2 


X i 


-17.1 


- 5,2 


- 4,8 


-12.5 


-39.6 


X6 


-12.3 


- 3.9 


- 3.4 


- 9.4 


-29,0 


¥ 1 


+13.5 


+ 3,8 


+ 3.7 


+ 9.3 


+30,3 


Y 3 


+17.0 


+ 5,2 


+ 4.0 


+12.3 


+3S.5 


r 5 


+12.3 


+ 3.8 


+ 2.5 


+ 9.3 


+27-9 


Y 7 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


1 2 


+ 3.4 


+ 1.3 


+ 0.3 


+ 7.0 


+12,0 


34 


- 5.0 


- 1.4 


- 1.5 


+ 2.7 


- 5.2 


5 6 


-14.8 


- 4.6 


- 2.2 


+ 3.0 


-18.6 


7 7' 


- 0.0 


- 0.0 


- 0.0 


- 0.0 


- 0,0 


23 


- 4.8 


- 1.9 


- 0.4 


- 4,3 


-11.4 


45 


+ 6.9 


+ 2.0 


+ 2,1 


+ 4.5 


+ 15.5 


67 


+19.2 


+ 6.0 


+ 4.1 


+14.6 


+43,9 
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STRESSES BT GSAPBOSTATICS 
MAIN TSrSS 



itrmba. 


P-«nK 




w*« 


c-,^ 


MKdnna. 


X 1 


-470 


-15-0 


- 5 7 


-35.7 


-103.4 


X 2 


-33 5 


- 9-7 


- 6 1 


- 2.3 


- 51.6 


.V 4 


-49 6 


-16-2 


— 7.1 


-37.6 


-110.5 


A- B 


-622 


-20.3 


- 7.6 


-47.5 


-137,6 


)■ 1 


+ 30 


+ 9-6 


+ 5 2 


+22.7 


+ 67.5 


)■ 3 


-r49 1 


-i-16.0 


+ 6-1 


+36.3 


+110.9 


)■ 5 


+61 6 


+20-1 


+ 6.5 


+46.8 


+135.0 


>' 7 


+680 


+22.5 


+ 6.4 


+52.3 


+149.2 


1 2 


+25.7 


.+ 8.6 


+ 1-3 


+24.2 


+ 61.2 


3 4 


+18,4 


+ 6-1 


+ 0.6 


+18.4 


+ 45.3 


o 6 


+ 12.0 


+ 3.8 


- 0.1 


+ 13.0 


+ 31.0 


7 7' 


+ 0.0 


+ 0.0 


+ 0-0 


+ 0.0 


+ 0.0 


2 3 


-32.1 


-10-8 


- 1.0 


-25.0 


- 71.2 


4 9 


-22.2 


- 7.4 


- 0.7 


-17.2 


- 49.7 




-14.1 


- 4.5 


+ 0.1 


-10.3 


- 31.5 



ExAUPLE 21. — Double Cajitilever Thubs 

248. DeKTiption.^This tj-pe of roof is now frequently employed 
an an Rconomical suh^^titute for the former great milway-train halls 




p. 194-197.— Roof Tni) 



witli roofs of wiiie span, and it is particularly useful where heavj" 
snow falls do not occur. This roof covers a double platform between 
two truck.'! and partly extends over the trains to shelter the passen- 
giTs from rain, but an open space over the track is left for light and 
vcriLiliition. Each transverse roof truss is fixed to a single column 
BtroHKly anchored by a concrete block, etc. The apexes of the 
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DOTJBU: CANTILEVER TRUSS 

upper chord are usually connected by purlins, on which is fastened 
the wooden sheathing or corrugateci steel roofing. Rafters are not 
necessary. The covering is best made of felt, asphalt, and gravel, 
or of painted tin on wooden slieathing, forming a central valley with 
leaders down to the drain at each column. The wind pressure here 
acts upward on the under side of the sheathing of the outer side of 
the roof only, unless the roof is protectetl by an outer wall or an 
adjacent building. The stability of sudi columns will be considered 
later, 

246. Programme.— Truss of type as in Fig. 194; span, 24 ft.; 
drop of upper chord, 2 ft., of lower chord 5 ft.; 8 panels; materials, 
steel piu'lins, triias, and column; trusses 15 ft. on centres; covering 
of painted tin on 7/8-inch longleaf pine sheathing; location at 
Pittsburgh, latitude about 40 1/2° north; ordinary exposure. 

247. Dimensions.— 



kXaai = 



= 0.1667 = tan 9.5" r 



'ersed. 



8 "■"""'■• cos 9.5° 

A => 3.042 X irj.OO = 45.62 sq. ft. = apex area. 



- 25 -r ,2gQo ^ 1-^*^ ^^^- I*"" liyrizontal sq. ft. 
Snow = 2.5 (40.5°) = 13.75 lbs. per horizontal sq. ft. 
Wind = "5" = ^-S" = 6.3 lbs. per inclined sq, ft. 

P = 4.5.62 (2 -(- 4 -i- -)- 4 + 1 .006 cos 9.5°) = 501 lbs. = 0.251 ton, 
A' = 45,62 (13.75 cos Q.b°) = 619 lbs. - 0.310 ton. 
ir = 45.62 X 6.3 = 287 lbs. = 0.144 ton. 
.819. Total Loads <m Half TniBS, — 

inent = 0.251 X 4 = 1.004 tons. 
Snow = 0.310 X 4 = 1.240 tons. 
Wind = 0.144 X 4 = 0.576 ton. 

250. Stress Diagrams. — The truss diagram is shown in Fig. 194; 
Figs. 195, 196, and 197 arc the P, S, and W stress diagrams. Note 
that the wind loads act upward on the truss and are bo laiil off in 
Fig. 197. 
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2S1. Stresi Sheet for Ezonvle 21. — 





P-rt«« 1 S-*trt-. 


w.^. 




X 1 


+ 0-5 


■+ 0.7 


- 0.3 


+ 1.2 


X 2 


+ 0.5 


+ 0.7 


- 0.3 


+ 1.2 


X 4 


+ 1.3 


+ 1.3 


- 0.7 


+ 2.3 


X 6 


+ 1.5 


+ 2.0 


- 1-0 


+ 3.5 


Y 1 


- 0.5 


- 0.7 


+ 0.3 


- 1.2 


Y Z 


- 1.1 


- 1.4 


+ 0.0 


- 2.5 


Y 5 


- 1.0 


- 2.1 


- 1.0 


- 3.7 


Y 7 


- 2.2 


- 2.8 


- 1,3 


- 5.0 


1 2 


- 0.3 


- 0.3 


+ 0.1 


- 0.6 


3 4 


- 0.4 


- 0.5 


+ 0.2 


- 0.9 


5 6 


- 0.5 


- 0.7 


+ 0.3 


- 1.2 


7 7' 


- O.-l 


- 0.4 


+ 0,0 


- 0,8 


2 3 


+ 0.5 


+ 0.6 


- 0.3 


+ 1.1 


4 5 


+ O.fl 


+ 0.7 


- 0.3 


+ 1.3 


67 


+ O.ii 


+ 0.-8 


- 0.4 


+ 1.4 



Example 22. — Cantilever and Skylight Truss 

2S2. Descr^ition. — This truss consists of two cantilever trusses 
connected over the middle span and supporting a large central 
gable skylight (Fig. 198). It is supported by two stable walls or 
anchored columns, whose stability will be considered later. The 
steeper gable over the middle span is a glazed skylight, which abund- 
antly lights the middle portion of the building, evert if the truss be 
supported by walls. External gutters at its base discharge on the 
slopes of the lower sides, and internal drip gutters may be similarly 
arranged, avoiding the use of internal leaders to the drains. This 
form of skylight is common in Germany, being used instead of the 
sawtooth roof, avoiding all the defects of that tj-pe. To make the 
roof truss entirely stable, it is necessary to connect the cantilever 
trusses by a middle truss with parallel chords beneath the skylight. 
The reactions at the ends of the skylight then become additional 
loads at its points of attachment to the main truss, its stresses being 
separately determined. 

263. Programme. — Truss of type as in Fig. 198; total span, 200 
ft.; rise of upper chord produced to centre, 40 ft.; rise of skylight 
20 ft. additional, making a total rise of 60 ft. at ridge; scissors truss 
for skylight; material, steel; covered with painted tin on 1 3/8 
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Ex. 221 CANTIUIVERS WITH SKYLIGHT 109 

white pine sheathing; no rafters; steel purlins and truss; steel 

T-barB for skylight to receive glass ; trusses 20 ft. on centres; location 

at Portland, Me.; latitude about 43 2/3° north; medium exposure. 

8M. DlmaiaioiiB. — 

20 
Tan » = in = 0.4000 = tan 21.8° for tinned roof. 

Tan I = 25 = 1-2000 = tan 50.2° for glazed roof. 

200 12 I 

I =~ = 12.5 ft.; V = .. .0 = 13.47 ft. for tinned 

,16 'cos 21.8 
roof. 

12 5 

'" ~ ETHiH = 19-54 ft- 'or glazed roof. 

cos iAf,^ 

A = 13.47 X 20.00 = 269.4 sq. ft. = apex area for tinned roof. 
A = 19.54 X 20.00 = 390.8 sq. ft. = apex area for glazed roof. 
26S. Apex Loads. — It will probably suffice to assume weight of 
truss for 100 ft. span. 

Truso = 4,794 lbs. per horizontal sq. ft., as before. 

Snow = 2.5 (43.7° - 35°) = 21.67 lbs. per horizontal sq. ft. 

Wind = -g X 21.8° - 19.38 lbs. per inclined sq. ft. 

P = 269.4 (2 + 5.5 + + 4 + 4.794 cos 21.8°) = 4297 lbs. = 
2.149 Tons for tin roof. 

P = 390.8 (5 + + 4 + 3 + 4.794 cos 50.2°) = 5889 lbs. = 
2.945 Tons, glass roof. 

S - 269.4 (21.67 cos 21.8*'} = 5420 lbs. = 2.710 Tons., tin roof. 
S = 390.8(21.67 cos50.2°) = 5416 lbs. = 2.708 Tons., glass roof. 
W = 269.4 X 19.38 = 5221 lbs. = 2.611 Tons., tin. 
W = 390.8 X 40.00 = 15632 lbs. = 7.816 tons for glass roof. 
366. Total Loads on Halt Truss. — 
Permanent = 2.149 X 6 + 2.945 X 2 = 18.78 tons. 
Snow = 2.710 X 6 + 2.708 X 2 = 21.68 tons. 
Wind - 2.611 X 6 = 15.67 tons on tinned roof. 
Wind = 7.816 X 2 = 15.63 tons on glazed roof. 
2S7. Stress Diagrams. — The stress diagrams are first commenced 
at the outer end of left cantilever; next at middle apex of skylight, 
for P and S diagrams, since only the stress diagrams for one-half the 
truss are required. The stress in the member Y 10 is here found 
in the horizontal upper chord of the middle portion of the truss as 
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^H 110 


STRESSES BY GRAPHOSTATICS 


[Ch.^ 


^^H tension, 


and as compression in the corresponding horizontal lowetfj 


^^H^ chord. 


Figs. 199 and 200 are the P and S stress diagrams. 


1 


P The 


W reactions at the supports A and B are found by th«fl 


1 equilibrium polygon, commencing at a on a line drawn through'^ 


1 support 


A and parallel to the resultant of wind loads in 


Fig, 201 J 


1 ending on a similar parallel drawn through support B 


The Wm 


1 stress diagram is then commenced at the free end of left cantilever^ 


^^^ and continued as far as the middle of the truss, beginning again at] 


^^L support. 


5 anti thus completing the stress diagram in Fig. 


201. 


^^H 


Stress Sheet for Example 22.— 














^^H 


P-oUtm. 


a-tttm,. 


W-ttnmW. 


W-titmL. 




Minimum. 


^^1 


+ 2,n 


+ 3.7 


+ 3,2 


+ 0-0 


+ 9,8 


+ 2.9 


^^M 


+ 5.8 


+ 7.3 


+ 5,0 


+ 0-0 


+19.0 


+ 5.8 


^^M 


+ 8.8 


+ 11,0 


+ 8,7 


+ 0-0 


+28.5 


+ 8.8 


^^M 


+11-7 


+ 14.6 


+ 11 3 


+ 0,0 


+37,6 


+11.7 


^^M 


+U,I 


+ 16.5 


+ 1 6 


~ 13 


+29.1 


+ 10,8 


^^M 


+11.1 


+ 16,5 


+ 0,6 


- 1.3 


+28.1 


+ 10-8 


^^P X 16 


- 8-6 


- 7.» 


- 4.(1 


- 6.2 


-22 a 


- 8,6 


^^ X 17 


- 5.7 


- 3.2 - 1,5 


+ 6,2 


-17.1 


- 5,7 


r ^ ' 


- 2.7 


- :i,5 - 3,4 


- 0,0 


- 9.6 


- 2.7 


f r 3 


- 5.4 


- 6.8 , - 6 fl 


- 0,0 


-19-1 


- 5.4 


1 Y 5 


- 8.1 


-10,2 


-10,3 


- 


-28-6 


- 8.1 


^H 


-lb. 8 


-21.2 


- 3.3 


- 9,4 


-47-4 


-16-8 


^^H r 10 


- 0..-; 


- 4 7 


+ 8,6 


+ I 7 


- 6-2 


+ 8.1 


^^M Y 11 


- 0-5 


- 4.7 


+ S.6 


+ 1,7 


- 5.2 


+ 8 1 


^H Y 13 


+ 0-6 


- 4-7 


+ 6-9 


+ 3.4 


- 4-2 


+ 7,4 


^^M 


+ 1-1 


+ 1 4 


+ 14 


+ 0.0 


+ 3-9 


+ 1.1 


^^M 


+ 2-2 


+ 2.7 


+ 2-8 


+ 00 


+ 7.7 


+ 2.2 


^H 


- 2-0 


- 1.3 ; - fl-4 


- 1.0 


-13,3 


- 2,6 


^^M 


- 2-2 


- 2.7 


- 2.8 


- 0,0 


- 7-7 


- 2,2 


^^m 10 11 


- 0.0 


- 0,0 


- 0.0 


- 0,0 


- 0,0 


- 0,0 


^^H 12 13 


- U 


- 0-0 


+ 2-1 


- 2.1 


- 2.1 


+ 2,1 


^■^ 14 U 


- 0,0 


- 0.0 


- 0,0 


- 0,0 


- 


- 0.0 


17 17 


+ 8.5 


+ 5,3 


+ 3,0 


+ 3,4 


+17.2 


+ 8.5 


1 2 


- 2,9 


- 3.7 


- 3,8 


- 0,0 


-10.4 


- 2.9 


3 4 


- 3-6 


- 4-4 


- 4.5 


- 0,0 


-12.5 


- 3.ft 


5 6 


- 4,3 


- 5-4 


- 5 5 


- 0.0 


-15,2 


-4.» 


7 8 


+ 0,6 


- 1-9 


+ 8.7 


+ 14 


- 1.3 


+10.7 


» 10 


-14,4 


-16-7 


- 4.2 


-10 2 


-41-5 


-14.4 


11 12 


+ 0,0 


+ 0,0 


- 2.7 


+ 2,S 


- 2,7 


+ ».a. 


13 14 


+ 0,0 


+ 0.0 


- 2.8 


+ 2 S 


- 2.8 


+ 2.8 


15 16 


+ 5.8 


+ 5.4 


+ 4.6 


- 3,7 


- 3 7 


+15.8 


^^^^_J 
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CANTILEVERS WITH MONITOR 



3. — Side Cantilever Trusses and Monitor 



269. Datcr^ltiioiL — ^This roof covers a building with side aisles 
in two stories, the wide middle aisle being open to the roof; it 
would be suitable for a large shop or manufactory. A travelling 
crane might run on track beams attached to sides of middle columns 
next the middle aisle. Trusses over side aisles rest on outer walls 
and inner columns or walls, and they are extended as cantilevers to 
support a glazed monitor roof over the middle aisle for admission of 
light. Its roof is here assumed to be glazed as well as its side walls. 




Fig. 1118 

FiQB. 198-201.- 



ir and Skylight Tm 



360. Programme. — Compound truss of type as in Fig. 202; 
total span 200 ft.; divided into two two-story aisles each 50 ft. wide, 
and one central aisle 100 ft. wide; side slopes with rise of 35 ft. if 
continued to middle of building; monitor walla 15 ft. high; monitor 
roof 50 ft. span; rise 15 ft.; materials, steel; side roofs covered with 
felt and gravel on 1 3/&-inch white-pine sheathing; monitor walls 
and roof glazed on steel T-bars; no rafters; steel purlins and trusses; 
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112 STRESSES BT GRAPHOSTATIC8 (Ch. 4 

trusses 25 ft. od centres; location at Milwaukee, latitude about 43° 
north; medium exposure. 
261. Dimensions. — 

Tan ' = 77^ = 0.3500 = tan 19.3° for side roofs. 

Tan i = 2g = 0.6000 = tan 31" for monitor roof. 

200 
I = -TT- = 12.5 ft. for side roofs. 



cos 19.3° 

8.34 



9.74 ft. for monitor roof. 



A = 13.25 X 25.00 = 331.3 sq. ft. = apex area for side roofs. 

A = 15.00 X 25.00 = 375.0 sq. ft. = apex area for monitor 
wall. 

A = 9.74 X 25.00 = 243.5 sq. ft. = apex area for monitor 
roof. 

262. ^ex Loads.— Assume 100 ft. span for weight of side roofs; 
50 ft. span for monitor. 

Truss = -^ + " = 4.794 lbs. per horizontal sq. ft. for side 
roof. 

Truss = ^ = To^ui ~ ^' ^^^ "'^" P®*" horizontal sq. ft. for monitor 
i-Qof. 

Snow = 2.5 (43° - 35°) = 20.00 lbs. per horizontal sq. ft. 

= 17.16 lbs. per inclined sq. ft. for side roofs. 

Wind = -^ X 31° = 27,56 lbs. per inclined sq, ft. for monitor 

roofs. 

Wintl = 40.00 lbs. per vertical sq. ft. for monitor walla. 

P = 331.3 (6 + 4+0 + 4'+ 4.794 cos 19.3°) = 6139 lbs. = 
3.070 tons, aide roof. 

P =375.0(5 + +-0 + 3 +0) = 45001b6.= 2.250 T., wall. 

P = 243.5 (5+0 + 4+3 + 2,198 cos 31°) = 3360 lbs. = 
1.680 T., monitor roof. 
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S - 331.3 (20.00 cos 19.3") = 6254 lbs. - 3.127 T., side root. 

S = 243.5 (20.00 cos31°)=41741bs.= 2.087 T., monitor roof. 
W - 331.3 X 17.16 - 5684 lbs. = 2.842 T.. side root. 
W - 375.0 X 40.00 = 15000 lbs. = 7.500 T., wall. 
W - 243.6 X 27.55 - 6708 lbs. - 3.354 T., monitor roof. 




^-\. ■" 



Flff.SOS 
Fios. 202-209. — Caatilerer and Monitor TrUBWe. 



263. Total Loads on Half Truss. — . 

Permanent = 3.069 X 5 1/2 + 2.250 + 1.680 X 3 = 24.17 tons. 

Snow = 3.127 X 5 1/2 + 2.087 X 3 = 17.20 tons. 

Wind = 2.842 X 5 1/2 = 15.63 tons for side roof. 

Wind = 7.500 X 1 = 7.50 tons for monitor wall. 

Wmd = 3.354 X 3 = 10.06 tons for monitor roof. 
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264. Stress Diagrams. — It k here necessary to treat the momtor 
skylight separately, since the reactions at its ends compose a \aige 
portion of the loads at E and F supported by the aide cantilever 
trusses. Figs. 203, 204, and 205 are the P, S, and W stress diagrams 
for the monitor alone. 

After obtaining these reactions, they are laid off in the side 
cantilever truss A B E as &n additional load at E. The ri?action^ 
for the truss ABE are to be found by the equilibrium polygon for 
each stress diagram, as indicated in Fig. 202. Figs. 206, 207, and 

208 are the P, S, and IV stress diagrams for the truss ABE. Fig. 

209 is the W stress diagram for the leeward cantilever truss F C D, 
when only supporting the leeward wind reaction of the monitor at F. 



266. 


Stress Sheet fcH: Example 23 


- 






H«mber. 


+ 1-4 


+ 0.4 


«--.t™«-. 


W-OTr™ L. 


Miilraum. 


Mi^«.«. 


A' 1 


+ 11,5 


- 7 


+ 13,3 


+ 0,7 


X 2 


+ 1.4 


+ 0,4 


+ 10.6 


- 0,7 


+12.4 


+ 0.7 


X 4 


+ 6.0 


+ 4.2 


+ 14.1 


- 0,7 


+24.3 


+ 5.3 


X 6 


+ 10.5 


+ 9.0 


+ 17,6 


- 0,7 


+37.1 


+ 9.8 


X 9 


+ 12.6 


+ 10.0 


+19,0 


- 0,7 


+41,8 


+11,9 


X 10 


+12.6 


+10,2 


+ 18,0 


- 0,7 


+40,8 


+11,9 


X n 


- 5.0 


- 6,3 


- 9.0 


+ 4.4 


-20,3 


- 0,6 


X 12 


- 8.0 


-10.0 


-14.3 


+ 9,2 


-32,5 


+ 1.2 


X 13 


- 8,0 


-10.0 


-16,5 


+ 9,2 


-34,3 


+ 1.2 


X 1.5 


- (i.l 


- 8.0 


- 9,0 


+ 0.4 


-23,4 


~ 6-0 


Y 1 


- 1,3 


- 0.4 


-14.0 


+ 0.4 


-15,7 


- 0.9 


Y 3 


- o,6 


- 4.0 


-18 1 


+ 0,4 


-27,7 


- 5-2 


Y 5 


-10,0 


- 8.4 


-22 5 


+ 0.4 


-40.4 


- 9.6 


Y 7 


-14.3 


-13,0 


-26.8 


+ 0.4 


-54,1 


-13.9 


Y 8 


-■>0 6 


-18,6 


-17,2 


- 7.5 


-56-4 


-20.6 


Y 10 


-17 5 


-16.5 


-14,5 


- 7.5 


-47.5 


-17.5 


Y 11 


- 0,0 


- 0,0 


+ 6.6 


-11 :, 


-11.5 


+ 6.6 


Y U 


+ 5,5 


+ 7,0 


+ 3.0 


- 5.3 


+ 15,5 


+ 0,2 


Y 16 


+ 4.0 


+ 5,1 


+ 2,4 


- 2,2 


+ 9.1 


+ 1,8 


1 2 


- 3.0 


- 3.0 


- 3.0 


- 0.0 


- 9.0 


- 3.0 


3 4 


- 4.5 


-4,7 


- 4,5 


- 0.0 


-13.7 


- 4,5 


5 6 


- 6,0 


- 6.3 


- 6.0 


- 0.0 


-18,3 


- 6,0 


7 8 


- 9 3 


- 9,5 


- 9,3 


- 


-28,1 


- 9,3 


9 10 


- 2.2 


- 3.1 


- 3.0 


- 0,0 


- 8.3 


- 2.2 


12 13 


- 1-7 


- 2,0 


- 3.9 


- 0.0 


- 7.6 


- 1,7 


14 15 


- 2.5 


- 3,0 


- 8,8 


+ 0.5 


-14.3 


- 2,0 


16 16' 


- 


- 6.0 


- 0,0 


- 0,0 


- 0,0 


- 0.0 


2 3 


+ 5.2 


+ 5.4 


+ 5,2 


+ 0.0 


+15,8 


+ 5.2 
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U<mb». 


P-Mraw. 


S->tr»i. 


W-tUtnW. 


W-tremL. 




4 5 
67 
89 
11 12 
13 14 
15 16 


+ 6.2 

+ 7.5 
+ 2.4 
+ 7.0 
+ 2.3 
+ 3,0 


+ 6.5 

+ 7.7 
+ 2,4 
+ 8.5 
+ 2.7 
+ 3.5 


+ 6.3 

+ 7,4 
+ 2.4 
+ 7,8 
+12,7 
+ 10.3 


+ 0.0 

+ 0,0 
+ 0.0 

- 7.7 
-13,2 
+ 6.4 


+ 19,0 + 6.2 
+22.6 + 7,5 
+ 7,2 ; + 2.4 
+23,3 - 0,7 
+ 17,7 ! -10.9 
+16,8 + 3.0 



ExAJfPLE 24, — OfTAGONAL HlP RoOP 



Lantern 



266. Desa^vtion. — This roof has the form of an octagonal 
pjTamid over an octagonal room, and it has an octagonal lantern 
at top with a double window in each side and a hip roof. The roof 
and ita loads are supported by rafters and purlins, attached to the 
hip principals, on which rests nearly the entire weight of the roof. 
There are no trusses, so that the stresses in the different members 
are obtiuned graphically, while their dimensioning is deferred to a 
later chapter, after the introduction of the necessary formulas and 
tables. 

267. Prograinine. — Internal diameter of octagonal roof 80 ft.; 
external diameter 84 ft.; internal diameter of lant«m 15 ft., with 
external diameter of 17 ft.; vertical base of roof 5 ft. high; total 
height of pyramid to its apex 42 ft., with a visible height of 33.3 ft.; 
exterior of lantern 6 ft. high; roof of lantern 8.6 ft. high; all roofs 
are iacUaed at 45°; material, steel; covering of slate on felt (12 #) 
on 3-inch slab of reinforced concrete (37,5#); inside ceiling of 
plaster on steel bars suspended from roof (12 * ) ; main hip principals 
at angles to support framework; horizontal purlins 9.3 ft, on centres; 
rafters 4 ft. on centres; double window (16 sq. ft.) in each side of 
lantern; ceiling of lantern horizontal; location at Detroit, Mich., 
latitude about 42 1/2° north; maximum exposure. 

268. DlmenriDns. — 

Tan i = tan 45° by construction. 

/ = ' " - ' ■ = 6.50 ft. = horizontal projection of panel of 
rafter of main roof. 

cos 45 



= 9.19 = length of panel of rafter of s 
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= 12.02 ft. 



[Ch. 4 



/" = — ~^ = 12.02 ft. = slant height of lantern roof. 
COS 4o 

.4 = 5.0 X 4.0 = 20.00 aq. ft.= apex area of vertical base. 

A = 9.19 X 4.0 = 36.76 Bq. ft. = apex area on rafter. 

i4 = 7.0 X 6.0 = 42.00 sq. ft. = area of side of lantern wall. 

7.00 X 12.02 



A =- 

] 869. ^ez Loads.- 

\ ^ ,80 

I Framework = ^ + t 



= 42.07 sq. ft. = area of side of lantern roof. 



-= 3.71 lbs. per horizontal sq. ft. 



4 



1*"^"'"""' 25 ' 12600 
Snow = 2.5 (42 1/2° - 35°) = 18.75 lbs. per horizontal sq. ft. 
Wind = 50 lbs. per sq. ft. of vertical and inclined surfaces. 

P = 20.00 (12 + 37.5 + 4 + 3 + 12 + 3.71 cos 45°) = 1422 
lbs. = 0.711 tons for base. 

P = 35.76 (12 + 37.5 + 4 + 3 + 12 -f 3.71 cos 45") = 2543 
lbs. =1.277 tons main roof. 

P = 26.00 (12 + 37.5 + 4 + 3 + 12 + 3.71 cos 45°) = 1849 
lbs. = 0.925 tons lantern wall. 

P = 42.07 (12 + 37.5 + 4 + 3 + 12 + 3.71 005 45") = 2992 
lbs. =1.496 tons lantern roof. 

S = 36.76 (18.75 cos 45°) = 487 lbs. = 0.244 tons for main 
roof. 

S = 42.07 (18.75 cos 45°) = 558 lbs. = 0.279 tons for lan- 
tern roof. 

W = 20.00 X 50.00 = 1000 lbs. = 0.500 tons for vertical 
base. 

W = 35.76 X 50.00 = 1788 lbs. = 0.894 tons for main roof. 
W = 42.00 X 50.00 = 2100 lbs. = 1.050 tons for side of lan- 
tern wall. 

W = 42.07 X 50.00 = 2104 lbs. = 1.052 tons for side of lan- 
tern roof. 

270. Stress Di&frramB. — These are employed to determine the 
ma.ximum transverse bending moment and longitudinal compression 
acting on each member of the framework, in order later to compute 
by formulas the proper dimensions of each. 
■ Rafter of lantern roof supports half area and loads on one side 

0.279 



tat roof. Hence its loads are: P = 



= 0.748; S = 



HIP EOOF WITH LANTERN 




Fig.ai . 

Fio. 211.— Octagonal Hip Root with LaDtem. 
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0.140; W 
12.02 



- = 0.526; centre of gravity of each load is at 



4.01 ft. from lower end of rafter. 

By Fig. 212, the total normal load (perpendicular to) on rafter = 
1. 18 T., the total parallel (lengthwise) load on rafter = 0.45 T. 
producing longitudinal compression. 

By Fig. 213, M„^= 5.00 X 0.5 = 2.5 ft. -tons for a concentrated 
load. The actual value of M„ax is somewhat less, since the load 
unifomily diminishes from the lower end to at the upper end. 



^ 



Fia.a 



<^ 



Hip rafter of lantern roof supports the same area, so that its 
loads are the same, as well as its transverse and longitudinal stresses. 

Rafter of main roof supportsP = 1.277 T., S = 0.237 T., W = 
0.894 T. 

By Fig. 214, normal load on rafter = 1.96 T. and parallel load = 
1.04 T., both components being uniformly distributed aloi^ its length. 




By Fig. 215, M„, 



5.00 X 0.9 



= 2.38 ft.-tons for uniform load. 



Purlin H at base of side of lantern roof supports rafter at middle. 
Length = 7.00 ft.; load same as load on rafter. 

By Fig. 216, vertical component of load at middle = 1.25 T., 
horisontal component = 0.40 T. 
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By Fig. 217, vertical M„„ 
. . _ „ 2.50 X 0.40 

horizontal M, 



HIP ROOF WITH LANTERN 119 

5.00 X 0.5 = 2.50 ft.-tons; 
3 ft.-toiis, and addii^ 0.46 for 



1.25 

moment of wind on half lantern wall below, 
total jtf„„ = 1.26 ft.-t«n3. 

Purlin G at base of lantern wall. Deduct 
for window for P load, and taking the load 
as uniformly distributed, P = 0.925 T., W = 
1.05 T. Add half the load on one rafter at 
1.277 



middle = P 

= 0.119 T. W = 



0.639 T. 
0.894 



S ■■ 
0.447 T. 



0-237 
2 

By Fig. 218, vertical component of 
component = 1.42 T. 




FlB.216 

1 = 2.00 T., horizontal 



By Fig. 219, vertical Jl/„ai= 5.00 X 1.00 = 5.00 ft.-tons; hori- 
5 00 X 1 42 
zontal M„„, = —- --' - = 3.50 ft.-ton3. 

Purlin F supports 3 rafters and their loads. Length = 12.25 ft. 
It will be more convenient for framing these purlins to set them with 
webs perpendicular to slope of roof, then obtaining the normal and 
parallel values for itf„oi. 

By Fig. 214, 1.96 X 3 = 5.88 T. = normal load on purlin. 

1.04 X 3 = 3.12 T. = parallel load on purlin. 

By Fig. 220, normal M„^= 5.00 X 2.00 = 10.00 ft.-tons. 

10 00 X S 12 
Then parallel M„„= ^ ^ = 5.30 ft.-tons. 

Purlin E supports 5 rafters and their loads. Length = 17.65 ft. 
By Fig. 214, 1.96 X 5 = 9.80 T. = normal load on purlin. 
1.04 X 5 = 5.20 T. = parallel load on puriio. 
By Fig. 221, normal M^^= 9.80 X 3.8 = 37.20 ft.-tons. 



9.80 
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Purlin D supports 5 rafters and their loads. Length = 23.05 ft. 
Then, an for purlin E, 9.80 T. = normal component and 5.20 T. = 
parallel component. 




By Fig. 222, normal Af,«, = 9.80 X 6.50 
r™_ ■■ , ., 63,65 X 5 20 
Then parallel i««a. == ^r^ 



.65 ft.-tona. 
= 33.77 ft.-tons. 





Fiir.2a 



Purlin C supports 7 purlins and their loads. Length = 28.5 ft. 
By Fig. 214, 1.96 X 7 = 13.71 tons = normal component. 
By Fig. 214, 1.04 X 7 = 7.28tons = parallel component. 
By Fig. 223, normal M^,= 5.00 X 11.6 = 58.00 ft.-tons. 

58 00 X 7 28 
Then parallel Jl/„„. /I ' = 30.08 ft.-tons. 

Purlin B supports 7 purlins and loads, together with half the W 
loads on the vertical base. It is best to make the axis of section 

vertical. 

Lei^h = 33.0 ft. 

Then - - ' — = 6.86 tons = normal component. 



And 



7.28 



3.64 tons = parallel component. 
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5 X 28.5 X 50 
" 2X2000 



— 1.7S tons ™ horizontal W load on half the 



By Fig. 224, total vertical component = 7.40 tons. 

By Fig. 224, total horizontal component = 1.78 tons. 

By Fig. 225, vertical M„„^= 7.40 X 7.2 = 53.28 ft.-tons. 

Also, horizontal M^^= 1.78 X 7.2 = 12.81 ft.-tons. 

[f this puriin is supported by verticals beneath the 
!nd of each rafter, the vertical M,^, would not 
Kcur and might be neglected. The horizontal 
^max would stiU remain to require safe horizontal 
■esistance in the purlin. 

Purlin A . Since this would rest directly on the 
enclosing walls and is bolted to them, no calcula- 
tions are required for it. 

Hip rafters of lantern roof. Supports same 
area and load as the slant rafter, but its length 
vould be increased to 12.7 ft. 

Angle vertical of lantern supports a vertical U 

Hip rafter of main roof is 47.3 ft. long, being divided into 5 equal 
panels of 9.46 ft. each. Inclination b 43°. It supports the ends of 




Fio. 224 
d of 2.00 tons. 




i pairs of purlins. The horizontal component or reaction at upper 
snd produces compression in the ring purlins at G, this ring being 
Snally supported by longitudinal compression in the 8-hip rafters. 

271. Stress Sheet tac Exan^de 24. — 

Lantern hip rafter. P = 1.496; 5 = 0.279; W = 1.042 tons. 

Lantern wall. P = 0.925; S = 0.000; W = 1.050tons. 

ForpurlinG. P = 2.421; S =0.297; TV = 2.102 tons. 

For purlin F. P = 5.700; S = 1.050; W = 4.050 tons. 

For purlin ff. P = 9.500; S = 1.750; W = 6.750 tons. 

For purlin/). P = 9.500; S = 1.750; W = 6.750 tons. 

ForpurlinC. P=13.500; S = 2.450; TV = 9.450tons. 
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Purline A and B are supported otherwise. 
By Fig. 227, at G; normal component = 4.06 tons. 
By Fig. 227, at (7; parallel component = 1.90 tons. 
Or vertical component = 4,30 tons. 
And horizontal component = 1.48 tons. 
By Fig. 228, at F; normal component = 9.00 tons. 
By Fig. 228, at F; parallel component = 4.55 tons. 
By Fig. 229, at E; normal component = 14.90 tons. 
By Fig. 229, at E; parallel component = 7.55 tons. 
By Fig. 229, at D, adding one purlin load for roof directly suppon- 




ed; normal component= 17.38 tons; parallel component=8.81 tons. 
By Fig. 230, at C; normal component = 21.10 tons. 
By Fig. 230, at C; parallel component = 10.70 tons. 
By Fig. 231, normal itf»„, for hip rafter = 40.00 X 11.6 = 464.00 

ft, -tons. 
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CHAPTER V 
TYPICAL ROOF TRUSSES AND STRESS DIAGRAMS 

272. Purpose ot tliese Examples. — From the latest technical 
works in English, French, and German have been selected about 
70 tjTiical forms of roof trusses, comprising those likely to occur in 
practice- A few of these have been fully studied as examples in 
Chapter IV. In order to exhibit the form of the corresponding stress 
diagram and to sugg^t the proper mode of solving any diificulties 
in treating them, unit apex permanent loads have been assumed and 
the permanent stresa diagram worked out for the left-hand half of 
each truss. The snow and wind stresa diagrams may then be easily 
completed by proceeding in a similar manner. Since these stresses 
would only be measured in units and their fractions, all stress sheets 
are necessarily omitted. 

273, Examples. — Fig. 232 is a very common type, which has 
been considered in Example 1 of Chapter IV. 

Fig. 234 is similar, but has a cambered lower chord, which 
evidently increases the stresses in the chords and middle vertical, aa 
seen by comparing Figs. 233 and 234. 

Fig. 236 has reversed diagonals, which fact reverses the nature 
of the stresses in web members and changes the shape of the stress 
diagram. (Fig. 237.) 

Big. 238 is similar to the last, but with cambered lower chord, 
increasing stresses in chords and middle vertical. 

Fig. 240 is a peculiar type with raised lower chord and trussed 
principals. 

Fig. 242 has a depressed lower chord, making the stresses in lower 
chord slightly smaller, but its bad appearance would he objectionable. 

In Fig. 244, the apexes of the lower chord are horizontally mid- 
way between those of the upper chord. It might be termed the 
Howe type. 

Fig, 246 is similar, but with cambered lower chord. 

Fig. 24S is a common form of Fink truss, that has been worked 
out in Ebiample 3 of Chapter IV. 
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Fig. 250 has a cambered lower chord, increasing the stresses. 
(Fig. 251.) 

Fig. 2h1 is a Fink truss with raised lower chord. 

Fig. 2.'H is a Fink truss with 10 panels for wider spans and with 
raised lower chord. A similar truss with cambered lower chord was 
treated in Elxample 5 of Chapter IV. 

Fig. 256 is an llnsJ^nmetricaI Fink truss of 6 panels for roof-with 
equal inclinations and resting on walls of unequal heights. " 

Fig. 258 b a similar truss with 12 panels, which was fully worked 
out in Example 7 of Chapter IV. Such a form of truss might be 
required for an ore-mill with floors at different levels, in order to 
pass the materiab* downward by gravity. 

Fig. 260 represents a modified Fink truss with 10 panels, for use 
when one with 8 or 16 panels might be inconvenient. See Example 
6, Chapter IV. 

Fig. 262 is the same tj-pe with cambered lower chord. 

Fig. 264 is similar, but with raised lower chord- 
Fig. 266 is a type of tru.ss employed in Germany for the same 
purpose as the common saw-tooth roof over shops, etc., but possess- 
ing many advantages over the latter. The steeper slopes at the 
middle are glazed on one or both sides, admitting an abundance of 
light. Externa! rain and snow drain onto tfie lower slopes, and 
intpmal drip gutters maj' easily be arranged to discharge thereon, 
thas avoiding the danger of leakage and the necessity of shoveling 
off the snow from the roof. 

Fig. 268 is similar, with raised lower chord for sake of better 
appearance. 

Fig. 270 represents one bay of the ordinary saw-tooth roof truss. 

Fig. 272 is a German type of roof truss for a church; it has a 
cambered lower chord, which would appear best if made of steel. 

Fig. 274 b a scissors truss for the same purpose. The stress in 
the middle vertical is here very large. A horizontal diagonal is some- 
times substituted therefor, but has an inferior appearance. 

Fig. 276 b a combineii scissors and Fuik truss for same purpose. 

Fig. 278 is a scissors truss with cambered and arched lower chord 
for a church roof, which might be of steel and also support an arched 
ceiling attached to the lower chord. 

Fig. 280 b a peculiar mansard t>'pe with raised lower chord, the 
roof having tiled or 8late<i sides and deck covered with tm or felt and 
gra^'el. 
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Fig. 282 supports a shed roof with a single slope. 

Fig. 284 is similar, with reversed diagonals. 

Fig. 286 has reversed diagonals on right half only. 

Fig. 288 is a shed-roof truss with curved lower chord. 

Fig. 290 is a trues composed of two trussed princij)al3 and a tie 
at middle. 

Fig. 292 supports slated sides with tinned deck and a central 
glazed roof for lighting the interior of the buildings. 




ng. 294 has a curved lower chord with diagonals inclined inwards. 

F^g. 296 has diagonals inclined outwards. 

Fig. 298 has its upper chord in form of a circular arc with straight 
lower chord. The stresses in members of lower chord are nearly 
uniform and those in web members are very small. 

Fig. 300 is similar to the last, but with reversed diagonals. 



ly Google 



TTPICAL TBUB8 AND STBBSS DIAGHAHS ( 

In the two last trusses, if the curve of the upper chord be a, 
parabola with vertex at middle of span, and if the apex loads are 
equal, no stress occurs in web members. Hence in this form of truss 




the web members merely resist stresses produced by unequal apex 
loads (wind) or by accidental irregular loading. 

Fig. 302 is a type of crescent truss with glazed monitor over the 
middle panels, suitable for a railway train-shed or shops. A simple 
crescent truss is fully treated in Example 9 of Chapter IV. 
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Fig. 30-1 b similar, but with reversed diagonah. 

Fig. 306 bas somewhat differeot proportions and stresses. 

Fig. 308 is a semicircular truss with parallel chords and a monitor. 

Fig. 310 is similar, but with reversed diagonals. 

Fig. 312 is nearly semicircular and with parallel chords, excepting 
for the two lower panels on each side. Its ends rest on two pin 
joints. It would be an excellent type for a train-shed, though the 
atre^ea in chords would be rather large. 

Fig. 314 bas vertical cuds, the upper chord having uniform in- 
clinations, while the lower chord is a circular arc. Verticals are 
equidistant horizontally. Pin Joints at ends only, and not at 
top. 

Fig, 316 is of similar form, but has three pin joints, one being at 
middle apex of lower chord. The middle apex of the upper chord 
does not connect the two adjacent X-mcmbera, but it is split, their 
ends being supportcfl by separate struts 12 12' to the pin joint. 
Trusses with 3 pin joints are treated in Examples 15 and 16 of 
Chapter IV. Such trusses are more economical than similar types 
with 2 pin joints at ends (Fig. 306) if stable supports are provided 
safely to resist considerable horizontal thrust at each end. 

Fig. 318 has the pin joint at middle apex of upper chord, the 
middle apex of lower chord being split. 

Fig. 320 is a truss with three hinges, composed of two trussed 
principals with 3 pin joints, the vertical walls being enclosed. An 
economical type for wide spans. 

Fig. 322 is of similar character with reversed diagonals. 

Fig. 324 is a crescent truss with 3 pin joints, the middle apex of 
the upper chord being split and disconnected. 

Fig. 326 is a tj-pe similar to the double lenticular bridge truss, 
composed of a primary truss, Fig. 328, and two trussed principals, 
Fig. 327, the upp<^r chord forming a circular arc with 3 joint ping. 
The lower chord is merely suspended by extending the verticals. 
Fig. 327a is the stress diagram for the left principal. Fig. 327. 

Fig. 330 is a truss with cambered lower chord, supported at 
apexes A and S, thus having cantilever ends. It is evidently a very 
economical type, as shown by the half-stress diagram, Fig. 325, 

Fig. 332 is similar, with reversed diagonals. 

Fig. 334 also has cantilever ends and a raised middle lower chord. 
Also quite economical. 

Fig. 336 is similar, but is intended for ivider spans. 
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Fig. 338 id a tnansard truss, consisting of trussed principals and 
raised lower chord. 

Fig. 340 is a compound truss, consisting of u 4-])anel Jink truss 
with trussed members of upper chord. Figs. 341 and 342 are the 
truss and half-stress diagrams for the prunary truss; Fig, 343u is 
the stress diagram for the trussed member in Fig. 343. This type 
was fully studied in Example 18 of Chapter IV. 

Fig. 344 b also a compound truss, composed of a primary truss, 
Fig. 345, with trussed principals, Fig. 346. Fig. 345a is the half- 
stress diagram for the primary truss, and Fig. 347 is the stress diagram 
for the latticed principal in Fig. 346. 

Fig. 348 is a truss with cantilever ends and central glazeil roof. 

Fig. 350 consists of a simple truss and two cantilevers fixed to the 
columns or walls supporting the puds of the middle truss. 

Fig. 352 is a truss with cantilever ends. 

Fig, 354 is similar, but with parallel chords. 

Fig. 356 has a circular lower chord. 

Fig, 3.58 is like the la.st, but with reversed diagonals. 

Fig. 36(1 BUpixirts a shed roof with projecting cantilever, which 
slopes back to valley over the columns. This might cover the portico 
of a railway station, the cantilever overhanging the track. 

Fig. 3G2 is a type with two cantilevers and supported by two 
columns, having a middle valley for rain water. Suitable for middle 
platform between two tracks. 

Fig. 364 is for a similar purpose, but covering a much wider 
platform l)etween two tracks, or it might be employed for a train- 
shed Ix'tween two different railways. 

Fig. 366 is intended for a wide train-shed supported by rows of 
columns, and it may be repeated as often as necessary. The truss 
has pin joints at C, A, and B, though for train-sheds over 100 ft. 
wide, expan.sioD joints would be required at A or B. 

Fig. 36S ig the truss C DA enlarged. Fig. 367 bang the corre- 
sponding stress diagram, Figs. 370 and 360 are the truss and half- 
stress dia^ams for the simple truss A B. 

Fig. 372 Rt^nprises a simple truss with its stress diagram in Fig. 
373, while Fig. 374 is the stress diagram for the lower portion C B 
resting on two supports. 

Fig. 379 represents a central glazed monitor supported by the 
cantilever ends of the side trusses. Figs. 380 and 383 are the truss 
and stress diagrams for the side trusses, Figs. 381 and 382 being those 
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for the monitor skylight. This truss was worked out in Ebcample 2S 
of Chapter IV, 

Fig. 384 18 a similar type with changed form of skylight, with 
glazed ddes and roof. Figs. 386 and 385 are the truss and stress 
■ diagrams for the left-hand lower portion of the truss; Figs, 388 and 
387 are those for the monitor. 

Fig. 390 is a truss of similar purpose but of varied form, with 
stress diagrams in Figs. 391 and 391 a. 



/^UJUi 




Fws. 392-394 



Fig. 393 is a truss on the same principle, but with circular lower 
chord. The stress diagram for lower left-hand portion is given in 
Fig. 393, while Fig. 394 is half the stress diagram for the central 
\nonitor. 
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CHAPTER VI 

STREaSES BV METHOD OF MOMENTS 

274. Origin and Uis of Method. — This method for detennmlng 
(he nature and magnitude of the stresses actuog in any member of 
a roof truss is frequently termed Ritter's method, because it was 
thoroughly developed and applied to most forms of bridge and roof 
trusses by Dr. August Hitter, formerly of the Pol>'technic School 
at Aix'la-Chapeile, Prussia. An English translation was made by 
Lieut. H. K. .Sankey, R.E., and published in London in 1879. 

The methoti was frequently employed before that of graphostatics 
became generally known to students and practitioners, and it is still 
very useful for checking the reaulta obtained by the latter. But it 
requires more time and labor, and errors are not so readily detected. 

276. Diagrani and CalculationB. — The truss diagram mu.st gen- 
erally l>e carefully drawn at a large .«cale in order to obtain by 
measurement the lengths of the lever arms of the moments acting 
at any apex of the truss and |>rodiicing stresses in its members. 
The neces.sary calculations are most easily made with a good 20-inch 
slide rule, or by means of four or 6ve-place logarithmic tables. 

A single example of its complete application to a roof truss will 
sufficiently exhibit the method of moments, which may often be used 
with advantage for checking by independently determining the stress 
occurring in a meintwr. 

276. Bulei for Proper Application of Method. — Certain rules 
are to be carefully observed in applying this method. 

1. Not more than three members, in which act stresses of un- 
known magnitudes, may be cut in any panel at one time, since the 
problem becomes indeterminate in case of four or more such 
members. 

2, The pivot or centre of rotation of the moments of the unknown 
stresses must be taken at the intersection of the centre lines of two of 
these three members with unknown stresses. Then since the stress 
lines in these two members pass through the pivot, each of their 
moments = 0, leaving but the moment of a single unknown stress, 
making it possible to compute this moment, afterwards determining 
the nature (compression or tension) and the magnitude of this un- 
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known stress, since only one unknown quantity remains in the etiua- 
tion of moments. 

3. Since the moments of all forces acting at the cut section of a 
panel must be in equilibrium with the moment of stress in a member, 
its equation of moments is to be written and equated to 0. 

4. The nature and magnitude of the required stress are then 
easily found by computation, solving this equation for the stress in 
tbe member. 

5. The unknown stresses in the members cut in any panel must 
always be assumed to act outwards from the portion of the truss 
con^dered, towards the main portion of the truss. 

6. Moments producing watchwise rotation are pasitive or +; 
non-watchwise moments are negative or — . 

277. Detennlnatlon of Nature of Stres8«B. — 7. The + sign of 
the stress in a cut member denotes that the member is in tension; 
the — idgn denotes longitudinal compression in it. 

Therefore this method of moments completely determines the 
nature and magnitudes of the stresses acting in all members of thf 
truss, if there are no superfluous members, i.e., if the truss l)e entirely 
composed of triangles. The results of the application of the method 
should be identical with those obtained by the grapliical method. 

E.X.4MPI.E 2Jj, — A Truss with \ehtical Ties and Cambereo 
Lower Chord. 

278. Programme. — Type as in Fig. 395; span, 100 ft.; rise of 
upper chord, 20 ft. ; of lower chord. 1.5 ft.; 10 panels; trusses 15 ft. 
on centres; materials, long-leaf pine and steel trusses; covered with 
tin on 7/8-incb sheathing, wooden rafters and purlins; location at 
Omaha, about 41" north latitude; medium exposure. 

279. DimflDBiong. — 
Inclination i = 21.8°. 

, ™. 10.00 „,;f.-yy«ip= 10.77 ft. 

10 cas 21.8 

A = 10.77 X 15.00 = 161.55 sq. ft. 
, Apex Loads. — 
100 lOff 
Truss = -;r^ + TTiHJvi ^ 4.794 lbs. per horizontal ,sq. ft. 

Snow = 2.5 (41°- 35°) = 15.00 lbs. per horizontal sq. ft. 

Wmd = -g^ X 21.8° = 19,36 lbs. per inclined sq. ft. 



ATHGHSES BY UETHOD OF UOHENTS [Ch. ft 

.' - Un..W (2 + 4 + 4 + 3+4.794 cos 21.8") = 2820 Ibs.- 

S - ItH.-W (Ifl-OO coH 21.8°) = 2250 Iba. = 1.125 tons. 
II - Uil.W X IH.30 = 3128 lbs. = 1.564 tons. 

L. T«M Loftd on Half Truii.— 

um:k(U - 1.410 X 4 1/2 = 6.345 tOQ8 = reactionatA. 

:<iu>tt - 1.125 X 4 1/2 = 5.0625 tons = reaction at A. 

ttiiul - (.504 X 4 1/2 = 7.038 tons. 

,h'ii\>ii Ht .1 for wind loads may be found by equilibrium poly- 
.vimmlwl by iiictliod of moments, as explained later (i84). 




A. Permanent Loads 

tMi OslOUltttlon of ^crmuiAnt Strttsiea. — Assume that members 
\ i wul y I »"' fut from tlie remainder of the truss as in Fig. 396. 
' tu :u\ttl I'ltuiiot W taken at A, since the moments of the stresses 
., \ I MvX y I iiUiut .-t = 0, and their magnitude cannot be de- 
..^iuitvtl. tor -V I. a-'wunie the pivot h, where a vertical through 



r 






HvtidKT -V I. Kis. ;HH>. Hvot b. I-everarm = 3.45 ft. 

N.iiv'v ''*><■ lH>rliv'u .1 H b i-ut trviu the tntfs must be in equilibrium 
iV»' 'l>^' V'i^'^'^ '*■ ^^rite X\w tntuation of moments for .V 1 as follows, 
Ksit^ ihai tho strt'ss ill .V 1 pivdm-es [xwitive or + rotatioD about 
\ .» *«jU ** t^*'" rvai-tivm at .1. 
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= + atresB X 1 X 3.45 + 6.345 X 10.00. 

Stress X 1 = '■ o7F~ — "^ ~ 18.39 tons (compression). 

Member Y 1. Fig. 397. Pivot B. Lever arm = 3.70 ft. 

= - stress Y 1 X 3.70 + 6.345 X 10.00. 
Stress Y 1 ^^ 6.345X10.00 ^ ^ ^^^^ ^^ (tension). 

Member X 2. f^. 397. Pivot C. Lever arm = 6.90 ft. 
= + stress X 2 X 6.90 + 6.345 X 20.00. 

stress X2. -5:21^^ =-16.20 to™. 

Member 1 2. Fig. 397. Pivot A. Lever arm = 7.05 ft. 

=. + stress 1 2 X 7.05 + 1.410 X 10.00. 

_^ , - 1.410X10.00 

Stress 12 = 




Member 2 3. Fig. 398. Pivot A . Lever arm = 20.00 ft. 
= - stress 23 X 20.00 + 1.410 X 10.00. 

St,es.23-+'"°^J°°- +0.75 ton. 

Member X 4. F^. 399. Pivot E. Lever arm = 10.35 ft. 

= + stress X 4 X 10.35 + 6.345 X 30.00 - 1.410 X 

(10.00+20.00). 

o* V A 6.345 X 3 0.00 -1.410 X 30.00 = - 14.31 tons 
Stre8sX4= j^^^g 

Member Y 3. F^. 399. Pivot Z>. Lever arm = 7.40 ft. 

= - stress r 3 X 7.40 + 6.345 X 20 - 1.410 X 10. 

„, ^„ , 6.345 X 20.00 - 1.41X10.00 , ,^„, . 

Stress F 3 = H =-tr •= + 15.24 tons. 

7.40 

Member34. Fig. 399. Pivots. Lever arm = 18.15 ft. 

= + stress 3 4 X 18.15 + 1.41(10. +20). 
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1.41 X 30.00 

ifiB — " ~ ■ 

ir4 5. Fig. 40O. Pivot A. Lever ann = 30. ft. 
- - Btreaa 4 6 + 30. + 1.41 (10. +20.00). 

J' r 



1.41 X 30.00 



- 1.41 tons. 



t.xe. 
- 



«r5. 

0- 



^ 30.00 

Fig. 401. Pivot G. Lever ann = 13.77 ft. 
+ Btreas X 6 X 13.77 + 6.345 X 40.- 1.41 (10.+ 

20. + 30.). 

6.345 X 40.00- 1.41 X 60.00 



13.77 



- 12.26 tons. 



Fig. 401. Pivot F. Lever arm - 11.1 ft. 
- Btreas 75X11.1+ 6.345X30.-1.41 (10.+ 20.). 



• 36. 
0- 



i«7. 
»- 



1.11 

Fig. 401. Pivot A. Lever arm - 30.25 ft. 
+ stress 5 6 X 30.25 + 1.41 (10. + 20. + 30.). 

, 1-41 X 60.00 . „„. . 
+ —3025 +2-8«>»'»- 

Fig. 402. Pivot A. Lever arm = 40. ft. 
- stress 6 7 X 40. + 1.41 (10. + 20. + 30.). 
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Member X 8. Fig. 403. Pivot 7. Lever arm = 17.2 ft. 

= + stress X 8 X 17.2 + 6.345 X 60.- 1.41 (10 + 
20 + 30 + 40). 

„, .„„ 6.345 X 50.00- 1.41 X 100. ,„ „_ 

Stress A 8 = ry^^ = — 10.25 tons. 

Member Y 7. Fig. 402. Pivot U. Lever arm = 15.8 ft. 

- - stress y 7 X 14.8 + 6.345 X 40. - 1.41 (10 + 
20 + 30.). 



14.8 
Member 7 8. Fig. 403. Pivot A. Lever arm = 42.05 ft. 

- + stress 7 8 X 42.05 + 1.41 (10 + 20 + 30 + 40). 

Stress 78-- '" ^'5'°° --3.36 tons. 
4J.05 

Member 8 8'. Fig. 403. Pivot A. Lever arm - 50 ft. 

- - fltreas88' X 50. X 1.41 (10 + 20 + 30 + 40). 

1 41 X 100 
Stress 88' = + ^—^ '■ = + 2.82 tons. 

Note that the stress in 8 8' must be doubled to provide for 
stresses comii^ from both sides of the truss. Hence 8 8' = 5.64 tons. 

B. — Snow Loads 

283. Cftlculatlon of Snow Streiiei. — The snow stresses in 
members are most readily obtained by computation from permanent 
stresses by the proportion: 

1.410 : 1.125 : : permanent : snow stress in member. 

C— Wind Loads 

SB4. Determloaldoii of Windward Reaction.— Sum of reactions 
at supports = 7.038 tons = total wind load supported by the truss. 
To obtain reaction at A, write the equation of moments about the 
other support K. 

Reaction at A. Fig. 404. Pivot K. Lever arm = 92.8 ft. 

= +reactionX92.8-1.56(82.0 + 71.35 + 60.5 + 49.7+~) 
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Fin. 4(M.— Wind RMultaata 

28S. Calculation of Wind Stretiei, — Member X 1. Fig. 405. 
Rvot 6, Lever arm = 3.45 ft. 

= + stress X 1 X 3.45 + 4.77 X 9.40. 
4.77 X 9.40 



sXl = ■ 



3.45 



- 13.00 tons. 



Member Y 1. Fig. 406. Pivot B. Lever arm = 3.70 ft. 

= + stress Y 1 X 3.70 + 4.77 X 10.8. 




Member X 2. Fig. 406. Pivot C. Lever arm = 6.90 ft. 

- + stress X 2 X 6.9 + 4.77 X 18.82 - 1.564 X 8.0. 
4.77 X 18.82 - 1.564 X 8.0 



Stress X 2 = 



6.90 



-11.19 tons. 
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Member 1 2. Fig. 406. Pivot A. Lever arm = 7.05 ft. 

= + straea 1 2 X 7.05 + 1.564 X 10.8. 

St««8 12=- '•56^><lQ-8 = _ 2.05 tons. 
7.05 

Member 2 3. Fig. 407. Pivot A. Lever arm = 20. ft. 

= - stre8823 X 20. + 1.564 X 10.8. 

Strew23 = + ^'^^ '"'^ = + 0.85 ton. 

Member Xi. Fig. 408. Pivot E. Lever arm = 10.35 ft. 

= + atnSsX4 X 10.35 + 4.77 X 28.2-1.564 X 24.0. 

„. „, 4.77X28.2-1.564X24 . „„. , 

Strees X 4 = r--^r: = - 9.35 tons. 

10.35 

Member Y 3. Kg. 408. Pivot D. Lever arm = 7.4 ft. 

- - stress K 3 X 7.4 + 4.77 X 21.5 - 1.564 X 10.8. 



7.4 

Member 3 4. Fig. 408. Pivot vl. Lever arm = 18.15 ft. 
- + stress 3 4 X 18.15 + 1.564 (10.8 + 21.5). 



18.15 




Member 4 5. Fig. 409. Pivot A. Lever arm = 30. ft. 
stress 4 6 X 30. - 1.564 (10.8 + 21.5). 

Stress 4 5- + ''^"o"''^ - + 1.79 tons. 

Member X 6. Fig. 410. Pivot G. Lever arm = 13.77 ft. 

- + stress X 6 X 13.77 + 4.77 X 37.6 - 1.564 (5.3 + 
16.1 + 26.8). 
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a* -i^fl 4.77X37.6-1.564X48.2 _ __ 

Stress X6 = r^-== -= — 7.55 tons. 

Member 75. Fig. 409. Kvot F. Lever arm - 11.1 ft. 

= - stress Y&X U.l + 4.77 X 32.3-1.564(10.8 + 
21.5). 



U.l 




Fie 409 




vig. tta 



Member 5 6. Fig. 410. Pivots. Lever arm - 31.25 ft. 

= + stress 5 6 X 30.25 + 1.564 (10.8 + 21.5 + 32.3). 
1.564 X 64.6 



Stress 5 6 = 



- = - 3.34 tons. 



30.26 
Member 6 7. F^. 411. Pivot A. Lever arm = 30 ft. 

- + stress 6 7 X 30. + 1.564 (10.8 + 21.5 + 32.3). 



30.0 
Member X 8. Fig. 412. fHvot /. Lever arm -= 17.2 ft. 

= - stressX 8 X 17.2 + 4.77 X 47.0 - 1.564 (3.9 + 
14.7 + 25.4 + 36.2). 

4.77X47.0-1.564X80.2 
Stress A 8 = 




Fig. 411 *" FiK. 412 

Member y 7. Fig. 411. Pivot fl. Lever arm = 14.8 ft. 

= - stress F 7 X 14.8 + 4.77 X 43.1 - 1.564 (10.8 + 
21.6 + 32.3). 
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14.8 

Member 7 8. Fig. 412. Pivot A. Lever arm = 42.1 ft. 

- + stress 7 8 X 42.1 + 1.564 (10.8 + 21.6 + 32.3 + 

43.1). 

1-564 X 107.8 
Stress 7 8 r^-r = - 4.01 tons. 

Member 8 8'. Fig. 412. Pivot A. Lever arm = 50. ft. 

stress S 8' X 60.+ 1.564 (10.8 + 21.5 + 32.3 + 

42.1). 

Stress 88' - + t5MAi«5:I . + 3.34 to„. 

The stress in member E 8' caused by the wind load is not to be 
doubled. 
Reaction aXK= 7.038 - 4.77 = 2.268 tons. 

Member X %'. Fig. 404. Pivot L. Lever arm =■ 17.1 ft. 
= + stress X 8' X 17.1 - (- 2.268 X 44.5). 
2.268 X 44.5 



8X8' ■■ 



17.1 



- 5.9 tons. 



Since this m larger than the stress X 8 already found, it is to be 
placed in the stress sheet instead of stress X 8. 

286. Strati Sheet tor Examine 26. — 



Member. 


P^. 


S-ttM. 


.^.t™. 


M^um. 


m^^. 


X I 


-18.4 


-14.7 


-13.0 


-46,1 


-18.4 


X2 


-16,2 


-12.9 


-11.2 


-40.3 


-16.2 


X 4 


-14.3 


-11.4 


- 9.4 


-35.1 


-14.3 


X 6 


-12.3 


- 9.8 


- 7.6 


-29.7 


-12.3 


X% 


-10.3 


- 8.2 


- 5.9 


-24.4 


-10.3 


Y 1 


+17.2 


+13,7 


+13-9 


+44.8 


+17.2 


Y 3 


+15.2 


+12.1 


+11-6 


+38.9 


+15.2 


ys 


+13,3 


+10.6 


+ 9.3 


+33.2 


+13.3 


Y 7 


+11.4 


+ 9,1 


+ 7.2 


+27,7 


+ U.4 


1 2 


- 2.0 


- 1.6 


- 2.1 


- 5.7 


- 2.0 


3 4 


- 2,3 


- 1.8 


- 2.8 


- 6.9 


- 2.3 


fi 6 


- 2.8 


- 2.2 


- 3.3 


- 8.3 


- 2.8 


7 8 


- 3.4 


- 2.7 


- 4.0 


-10.1 


- 3.4 


2 3 


+ 0.7 


+ 0.6 


+ 0.9 


+ 2.2 


+ 0.7 


45 


+ 1,4 


+ M 


+ J.8 


+ 4.3 


+ 1.4 


67 


+ 2.1 


+ 1-7 


+ 3.4 


+ 7.2 


+ 2.1 


8 8' 


+ 2.8 


+ 2.2 


+ 3.4 


+ 8.4 


+ 2.8 
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CHAPTER VII 

LENGTHS OF MEMBERS OF ROOF TRUSSES 

287. Accuracy Required. — Before commencing to detail the 
connections of members at the apexes of the truss, it becomes nece»- 
sary to compute accurately the centre length of each member be- 
tween the centres of the apexes joined by it. This length is required 



388. Aid! in ConqjiutatUmi. — These computations are greatly 
facilitated and the liability to error is lessened, if a good table of 
squares and Ic^arithms is employed. Everything necessary for 
computing lengths not exceeding 100 ft. is contained in Smoley's 
tables of squares, Ic^arithms, trigonometric functions, etc. For 
greater lengths or when more minute accuracy is required, Bremiker's 
six-place tables or Schron's or V^a's seven-place tables of logarithms 
should be used. 

289. Algebraic Framulai. — Algebraic formulas might be given 
for the lengths of members {Ricker's "Trussed Roofs," Chapter V), 
but for nearly all forms of trusses in actual use, these lengths may be 
readily computed by a proper application of the properties of the 
right-angled triai^le. It is further certain that a series of computed 
examples will be of much greater assistance than mere algebraic 
formulas, especially in practice. Hence the latter method is here 
employed, care being taken to explain any unusual or difficult com- 
putations. 

390. DimeiiBioni Aisumed for Examplei. — For convenience and 
to avoid unnecessary repetition, the following dimensions are assumed 
in all the following examples, unless otherwise stated. 

Span 100 ft.; rise of upper chord 20 ft,; rise of lower chord 
or 2.5 ft.; truss usually divided into 10 panels of equal horizontal 
length, or S panels for Fink truss; trusses with circular chorda are 
variously subdivided into panels, as stated in each case. 
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Ex. II TRIANGULAR TRUSS 153 

Example 1. — A Triangular Truss. (Fig. 413.) 
Same as Example 1 of Chapter IV. 
391. CooqmUtioiti. — 

Vertical 9 9'= 20' 0" by construction. 

Vertical 7 8 = 20' X 4" = 16' 0". 



■ 5 



Vertical 5 6 = 20' X - 



: 12' 0". 




Yl = Y2 = 74= K6= FS-IO'D" ea<-h by construction. 

XI =X3=X5-X7='X9=v'rO« + 4' = VlIB = 10' Q^-" 

4 

Principal .45=5 (lO' 9 -^") = 53' 10 j". 
Diagonal 2 3 =V'lO> + 4» = 10' 9 — ". 
Diagonal 4 5 =\/l0» + 8' = 12' 9—". 



Diagonal 6 7 = ■«/ lO* + 12' = 15' 7 - 
Diagonal 8 9 =i/lO' + 16'= 18' 10 



Example 2. — Same Truss with Reversed Dugonals 
(Fig. 414) 

Same as Example 2 of Chapter IV. 

Lengths of all members except diagonals are unchained. 
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Diagonal 23 =%/ l0»+8* - 12'9-r^ 
Id 

5 

Dia^na! 4 5 = V lO* + 12* = 15' 7 7 



Diagonal 6 7 -= V 1(P + 16» = 18' 10 ^ 




Example 3. — Saue Tbuss as in Example 1, fbccBpriNfl that 
THE Lower Chord is Cambered 2' 6" at Middle (Fig +15) 

293. Canpotattooi. — 

Vertical 9 9' = 20' 0" -~ 2' &' 



17' 6". 
(17' 6") = 14' 0". 



r (ir 6") = 10' 6". 



Vertical 7 8 = ~ 

Vertical 5 6 = -; 

Vertical 3 4 = -^ (17' 6") = 7' 0". 

Vertical 12 = 4" (17' 6") = 3' 6". 




Difference in heights of lower ends of adjacent verticals — - 
0* 6", which 13 likewise the rise of y 1. 



Yl~Y2=Y4=Y6=Y8 =v'10* + 0.5*=n/ 100.25= lO'O^ 
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For computing diagonals, the altitude of each right-angled tri- 
ai^le = corresponding vertical — 0.5'. 



Diagonal 2 3 = V 10* + (3.5- 0.5)« = vT09 = 10' 5 - 



Diagonal 4 5 = V 1(P + (7.0 - 0.6)' = V 142.25 = 11' 11 g-". 



Diagonal 6 7 = V 10* + (10.5 - 0.5)» = V 200 = 14' 1 



Example 4. — Same Tsdss with Reversed Diaoonals (Fig. 416) 

The lengths of the diagonals are alone changed. 
291. ConQnitatiiniB. — For computing diagonals, the altitude of 
each right-angled trian gle = correapond ing vertical + 0.5'. 
Diagonal 2 3= VUfi + (7.0 + 0.5)» = V 156.25 = 12' 6". 

Diagonal 4 5 = V 10* + (10.5 + 0.5)' = V'221= 14' 10^". 
Diagonal 6 7 = V 10* + (14.0 + 0.5)' =v^ 310.25 = 17' 7 -g-". 
Diagonal 8 9 = V 10' + (17.5 + 0.5)* = v' 424 = 20' 7^". 



Example 5. — Teoss with Web Members op Howe Type of 
Arranoement (Fig. 417) 

The apexes of the lower chord here fall midway between verticals 
through those of the upper chord. 

J_ 
2 

There are no verticals in the truss, but lengths of dotted verticals 
are computed in the same manner as in Example 3, and they have the 
same lengths in this case. ' 

27 

Kagonal 1 2 = VS' +4' = \/4T = 6' 4—". 
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l.itt MINUTHH OF TBDSS ICEHBEBS [Ch. 7 

I tiHi|i.tiHl> 'J .i Will 34 - VFT^ = \/89 - 9' 5 ^". 
t ilUHMdHU 4 fl WhI (SO- v'6»+12* -= \/m = 13' 0". 
I >tH|||MimlH n 7 uikI 7 8 - \/5»+16* ■= VasI = 16' 9 ^ 



32 ■ 



UitiW'HKlSl) -v'5* + 20* = V425=»20'7- 




l>;\AWt'i.w (I- Samk Tki'bs with Lowbr Chord Cambered 2' 6" 
(Fig. 418) 

I.Mhglliri itf iltittix) verticals through apexes of upper chord are 
hitrv i)u> >t«iut< )W ill RxHuiplo 3, Fig. 415. 

iW. QomputatiODt. — l^ngtlia of X members are as in Example 
ft, t'iu. 117. 

liutitltiM t»f Y momNTS are as in Example 4, Fig, 416, 



. 1 



. 1„ 



t:vvt>l»«f'>r VI. which - 1"2 OO'O^") = 15'0— ". 
\nil i\vr y s>, which « 



I .'> 3 




sitv^'^iu^ ^iM^tauls^ »^tlu>k- <tf Oi<c7v«£va>i£ag ng)it-«ii^ed 
, 9- 



s..\ - txi 



' \ ^■♦rGS » a II 



l>ta*s'ikC i' S - \ •? - ,r* - Vi2*-= - v ~ T-tfffi- - S" » 



1« " 
1I„ 
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FINK TBnSS WITH EIGHT PANELS 



Diogoiul 3 4 - V 5' + (7.0 - 0.25)' - V 70.5625 - 8' 4 



16 ■ 



Dittgomil 4 5 = V 5* + (10.5 + 0.25)' = V 140.565 = 11' 10 



32 ■ 



Diagonal 5 6 - v' 5> + (10.5 - 0.25)' - v" 130.065 = 11' 4 ^'. 



Diagonal 67 = V5' + (14.0 + 0.25)'=\/ 228.065 = 15' 1 



Diagonal 7 8 - V 5' + (14.0 - 0.25)' - V 214.065 - 14' 7 j 



Diagonal 89-V5' + (17.5 + 025)' - V 340.065 - 18' 5 ^". 

Example 7. — Fink Truss with 8 Panels (Fig. 419) 

Same as Example 3 of Chapter IV. 

The true Fink truss is divided into 4, 8, 16, or 32 panels; the 
lower chord may be horizontal, cambered, or raised. 
297. Conqnitatdoni. — 
Length of the principal is here 53' 10 -r-" as before. 



'&' 101/4' 
Half length of principal - „ - 26' 1 1 



Then 3 4 - (26' 11 -=-") tan 21° 48' 5" - 10' 9 




y 1 - K3 -23-45-4 7-6 7= V(13' 5 9/16")'+ (5' 45/8")'- 
14' 6". 

y 7' - SO" 0" - 2 (14' 6") . 21' 0". 
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[Example 8. — Same Truss with Lower Chord Cambered 2' 
(Fig. 420) 
E. 
Exam 
2S 
T, 
T, 
Th( 



LEHGTHS OF TRTJS8 HGHBERS 



Evidently the lengths of principal and A' members are as 
' Example 7. 

298. ConqmtationB.^ 
Tan 1' OT B AC = tan 21° 48' 5" as before. 
Tan t" or D A C = tan 2° 51' 45". 
Then i"= BAD = {21'' 48' 5") - (2° 51' 45") = 18° 56' 20". 

3 4 = (26' 11 1/8") tan 18° 56' 20" = 9' 2 ~". 

_ 9' 2 7/8' 



Kl = K3 = 23 =45 = 47 = 



\/(13' 5 9/16")'+(4' 7 7/16")'= 14' 2- 



7 = 
3» 



Half lower chord = V 50*+ 2.5* = v'250t5.25 = 50'0-^ 
Y7 = (SO'O^-") -2(14'2-|-") =21'8". 




Fio. 420 

Example 9. — Same Truss with Lower Chord Raised 2' 
(Fig. 421) 

299. Computatlon-^Angle B A C = 21° 45' 5" as before. 



Perpendicular F // = (26' 11— ") tan 21° 48' 5" = 10' 9^", as in 
Example 7. 

Draw F D horizontal and bisecting rise of upper chord at D. 

Since G £ is abo horizontal by construction, it divides the per- 
pendicular F H at G \a the same ratio as it divides the vertical 

DC&iE. Hence DC :OE:-.f//:FG. Or 10 : 10-2.5 :: 10' Q^-" 



FINK TRVaa WITH TEN PANSLB 



length of member 3 4 = 
.„ ,„ 8'015/16' 



(ItfQl/J'QX (7' 6") 




Flo. 421 

yi-1'3-23-45-47-67- 
V(13'59/16")'+(4'0 16/32")' " K' j|' 
ri + r3-2{U'0^') -28' 1-1". 

HoritoDtal projection of(yi + J'3) = 



V (28' 1 3/8")'-(2' 6")' - 28' 0^". 

Hence y 7 - 50' 0" - 28' 0^" - 21' 11 |i". 

Vertical 7 7' - 20' 0" - 2' 6" - 17' 6". 

Example 10. — Modifibd Fink Trq88 with 10 Panels (Fig. 422) 

Same as Example 6 of Cliapter IV. It is sometimes advisable to use 
a different numt)er of panels while retaining the Fink principle as far 
as possible. 




300. CaoajnitatlonB. — X 1 here = 10' 9-j" as in Example 1, etc. 
Zl ■(-X2 + X4 -3(10'9-i-") - 32' S-^-"- 
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160 LENQTBS OF TRUSS MEUBEBS 

Angle B AC -21' 48' 5" as before. 



12' 113/32" ,,„23„ 
3 *'32- 



"-3- "2' "32"'- 
12' 113/32" , 



ri = r3=r5 = 23=V(10'91/4"}' + (4'323/32"}* = 11' 7- 



4 5= V(10'91/4")» + (8'73/8")* = 13' 9^". 



6 7 = 6 9=8 9= V (10' 9 l/4")» + (6' 59/16")' = 12' 6 — ". 

1-9= 50'0"-3(ll'7^") = 15'2^". 

Example 11. — Modified Fink Tros8 with Lower Chobd Cak- 
BERED 2' 6" (Fig. 423) 
301. Conqnitations. — 

Angle B A C = 21' 48' 5" as in Example 9. 
Angle D AC = 2° 51' 45" aa in Example 8. 
Angle BAD= 18° 56' 20" as in same. 
. 1 „ 
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FINK TRUSS WITH TEN PANELS 



ri = K3=r5 = 23=v' (10' 9 1/4"}* + (3' 8 11/32")'= U' 4 ■^'. 



Half lower chord = V50» + 2.5* = 50' 0- 



ExAMPLE 12. — Modified Fink Truss with Lower Chord Raised 
2' 6" (Fig. 424) 

303. GonqnitaiUons. — Lengths of X members are same as in the 
last example. 

Draw horizontal F D through apex F, cutting BC &iD. 

Since F D and G E are horizontal and parallel, the line & £ in- 
tersects F H in the same ratio as Z> C at £. 

, 1» 



F ff = 3 (10' 9-^") tan 18" 56' 20" = 11' 1 
Then DC :D E : .F H : member 5 6. 
Orl2'0" :9'6"::11'1^":10'2|^". 



32 • 



78 = 15:^f^ = 5'l|". 




J'l = K3 = l'6 = v'(10'9 l/4")> + (3' 4 15/16")' - H' 3 ^ 

yi + y3+F5-3(U'3i|") -33' log". 
Horizontal projection of same = 
V(33'1025/32")<-2.5' - 33' 0^^". 
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IbZ LENGTHS OF TRUB8 MEMBERS (Ch. 7 

r 9 = 50' 0" - 33' 9 — " = 16' 2 — ". 

Example 13. — Fink Truss with Sides or Equal Slopes but op 
Unequal Lengths (Fig. 425) 

Same as Example 7 of Chapter IV. 

303. CanqmUttons.— Span, 120 ft.; left side, 80 ft.; r^t side, 
40 ft.; rise of ridge, 40 ft.; C B = 20 ft., making an inclined lower 
chord. 

40 



TanD^ E 



20 



= tan 9° 27' 44". 



Hence, P A D = 17" 6' 10". 

AndPDB = 36° 1' 38". 

By sinular triangles, AC :AE::BC:DE. 
Or 120' : 80' : : 20' : 13' 4", 
Vertical 1.5 16 = 40' 0" - 13' 4" = 26' 8". 




I-cngth of lower chord = 



Length half principal A P = v' 4(^ + 20' = V 2000 = 44'8ts"- 



7 8 = (44' 8—") tan 17° 6' 10" = 13' 9—". 



„„.,3U=-:?^ = 3.5l". 
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SEGMENTAL TRUSS 



Also PB -«'8^". 



38" -16' 3 5 32". 

16' 3 5/32" , 19„ 
17 18 = 2122----'— =8' 1 32". 

K 1 = r 3, etc. = V (ll'25/32")'+(3'T9732"l">= 11' 8 -^ 
32 



y22 = ^20,610.= V(il'25/32")*-l-(8'119/32")'=13'i 



Example 14. — Truss with Segmental Upper Chord (Fig. 426) 

One-half the entire truss is shown in the figure. Its span is 
tlivided into 10 equal horizontal panels, which produces a variable 
division of the upper chord. 

304. Radius of Segmental Arc. — Join A J and bisect ^ y at 
M; draw M L perpendicular to A J; this cuts the extended middle 
vertical at L, the centre of the segmental arc forming the upper 
chord. The radius J L may likewise be computetl, as follows: 

Since the right-angled triangles A J K and L J M have a common 
angle M J K aX J, their corresponding sides must be proportional 
to each other, and J K iJ M : :J A :J L. Here A K = 50' 0" 
andJ K = 20' 0". 

Hence J A = v'&ff' -f20' = \/'290d = 53' 10—". 
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LENGTHS OF -ntUSS HEHBERS 



'I'lmn 20' 0" ; 26' 1 1 — " : : 53' 10 -r" : 72' 6 t^" = radius J L. 





n,.i« 


^ 


g 


\ ■ » 


If^' 


-^\J 




• \ 






* V '-f ' i' 
\ ''> i 




\ \ 1 
W 1 




\ \ i 


r 






\\ i 

V-l 

--* 



30ft. OomputattoDl- — Join apex B with centre L; di«w hotin 
tftU /t .V and /* L and vertical it P. Since the equation of the cir 
with wntre L at origin of coordinates is: 
> r . !-■ + s", 

lt»>i> onliiuite jr " \ r* - jr^. 

Ti«uKC-\ Bi>-*.N'«-\ iT^ei, leo'-w-v aesi.-eCojg 

Ni.w I' J' -K t - W 6^" - 20" 0" - 52" 6^". 

Ucuce v«ti»-ai 1 3 - tW 5 J'" - or t> 1 ^" - 7' II g-". 
.Vlao 



Vl>rtical34 -\ iTTti T 16"T=- 30=- o? ti 



1,, 



Verlic»15ti -\ \ri'^\ HJ"i>-3iy- o^tj-;" = 17* 
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SEGMENTAL TRUSS 



Vertical 9 9' by construction = 20' 0". 
I>iagonal23 = v'lO>+ (7' il 5/8")' = V163.5010 = I2'9 — 



Diagonal 4 5 =v'lO*+ (13' 6 1/32")' = \/282.3203 = 16' 9 



DiagonaI67 =v/lO*+ (17'21/4")' = v'395.4102 = 19' 10 -g". 

= 29„ 



Diagonal 8 9 ='s/ 10*+ (19' 3 11/16")' = V472.7715 = 21' 8 



32 ■ 



Evidently V lO* + (vertical projection of arc panel)* = length of 
straight chord panel connecting two adjacent apexes of the upper 
chord. (Fig. 427.) 

These vertical projections = difTerence between lengths of suc- 
cessive verticals. 

, 7 

Chord X 1 = V 10* + (7' 11 5/8")* = v" 163.501 = 12' 9 — ". 



ChordX3 = v'lO*+(13'6 l/32"-7' 11 5/8")»=Vl39.624 = ll' 5- 



32 ■ 
Chord X7 = •yiO*+(19'3 11/16"-17'2 l/4")» = x/ 104.494 = 10' 2-^". 



Chord X9 = VlO'+(20'0"-19'3 11/16")*= V'100.4798 = 10'0—". 

The lengths of the chord panels just computed are those of straight 
members connecting the apexes of the upper chord, which is generally 
the best mode of constructing the curved chord. But if the panels 
of the upper chord are to be curved to the segmental arc, their panel 
lengths will be greater and are accordingly to be computed, 

306. LmgQx of Arc Panels. — Length of X 1 or arc panel ^4 £ in 
Fig. 427. 

Bisect chord panel ^4 B by perpendicular M L; draw radii A L 
and B L, thus producing two equal right-angled triangles A M L, 
BM L. Then in the triangle B M L: 
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166 LENGTHS OF TRUSS 1IEMBEB8 [Cl7 

Then 2 (5' 3' 31") = 10° 7' 2" =- angle at centre L subtended by MC 
AB. 18O''=648000". 




Therefore 648000" : 36422" : 227.78' ; 12' 9 -^ 
panel A B. 



= length of arc 



Then 12' 9 - 



■ 12' ! 



16 



16 



-" = excess of arc over chord. 



Length of X 3 or arc panel B D in Fig. 427. 
Proceeding in like manner as before: 
.,„ 1 „ ll'55/32" 



16 



:1 : 



4° 31' 18". And 9" 2' 36" = 32556". 



648000" : 32556" : : 227.78' :U'5—" = length of arc panel B Z>. 
Tl.^r. 11' s " _. 11' [;_" —" 



- excess of arc over chord. 



Lengtli of X 5 or arc panel D F in Fig. 427. 
._ 1 „ 10' 7 27/32" 



1 : sin 4" 12' 51". And 8" 25' 42" = 30342". 



648000" : 30342" : 227.78' : 10' 7 ^ 



: length of arc panel D F. 
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Ex. I5i , 

? 
Then 10' 7 - 



BEOMBNTAL TBUSS 



' = excess of arc over chord. 



Lei^h of y 7 or arc panel F H in Fig. 427. 



648000" : 29110" : : 227.78' : 10' 2 5 



= length of arc panel F H. 



= excess of arc over chord. 



Length of X 9 or arc panel H J in Fig. 427. 



Example 1.5. — Same Truss with Reversed Diagonals (Fig. 428) 

307. Lengtha of DUgMuls. — No lengths of any members are 
changed from those found in Example 14, excepting the lengths of 
the reversed diagonals. 



Diagonal 2 3 = V 10* + (13' 6 1/32")*= ■/ 282.3203 = 16'9— ". 




Diagonal 4 5 = V 10^+ (17'2 l/i")'- = V395y4102 = 19' 10-^". 



Diagonal67= V 10' + (19'3 11/16")== V472.771.'i= 21' 8—". 
Diagonal 89 = V 1 05+^20* = Vloo = 22'4 „". 
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LENQTHS OF TRUSS MEMBERS 



[Ch. 7 



Example 16. — Same Truss with Web Meubebs in Howe Arrange- 
ment (Fig. 429) 

r I = 15' 0". 

308. ConqmtationB. — Lei^hs of dotted verticals are same as 
verticals in Examples 14 and 15. Lengths of web members are alone 
changed. 




Diagonal 12= V 5* + (7' 11 5/8")* = 9' 4 - 



Diagonals 45 and 56= V5* + (17' 2 1/4")' = 17' 10 



Diagonals 6 7 and 7 8 = V 5* + (18' 3 11/16")" = 19' 11 



Diagonal 89= V5* + 20'=20'7 — ". 



Example 17, — Trdss with Segmental Chords and Equidistant 
Verticals (Fig. 430) 

Nearly similar in form to Example 9 of Chapter IV. 

309. DABCription. — Span, 100 ft.; rise of upper chord, 20 ft.; 
rise of lower chord, 5 ft., making the truss 15 ft. deep at middle; 10 
panels. 

The lengths of the chord and arc panels of the upper chord are 
the same as in Example 15, but those of the lower chord, verticab, 
and diagonals must be computed. Radius of upper chord = 72* 
. 1» 
'16 
horizontal span line ^4 iV^ are the same as in Example 15. 
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Ex. 17] SEGMENTAL CRESCENT TRUSS 169 

310. Radii of SegmsiiUl Chords. — Joining K N and bisecting 
K N by the perpendicular P, this intersects the extended middle 
vertical at P, the centre of the segmental lower chord. 

KN= V50» + 5»= V2525 = 50'3". K 0-^^=25' 1 -^". 

Since the two right-angled triangles K PO and KN Q have the 
an^e N K P, their similar sides are proportional. 



Or 5' : 50' 3" : : 25' 1 — " : 252' 6 — " = radius of the lower chord. 



Length of vertical ordinate through A = QP = 252' 6 




811. BeilMa of ^exes. — Heights of apexes of lower chord above 
span line A N. 

By equation for circle with centre P at origin of coordinates, 



He^bt of apex C= V (252' 6 1/8")»- 40*-247' i 



1„ 



= 1' 9t-" 



Height of apex E = V(252' 6 1/8")=- 



-247'6-" = 3'2^ 
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Height of apex G = V{252'7J 1/8")*- 20> - 247' 6 -g" •= 4' 2 ^'. 



Height of apex / = V(252' 6 1/8")*- lO* - 247' 6 — " = 4' 9 — ". 
Height of apex K = 5' 0" by construction = 5' 0". 

312. Length! of Web Members. — Length of any verticaJ >= 
difference in heights of its ends. 

1 7 



Vertical 3 4 - 13' 6 i' 


-3'2H-._i„3l". 


Vertical 56- 17' 2-^-" 


--i"=-"i'- 


Vertical? 8- IS'sii" 


-.9f.u'el. 


Vertical 9 9' - 20' 0" - 


5' 0" - 15' 0". 



Length of any diagonal = Vio^ -f (diffeFenceinheightsofeada)' 



Diagonal 2 3 - V ICt (7' 11 5/8" -3' 2 17/32")' - 11' 



32 ■ 



Diagonal 4 5 = V 10'+ (13'6 1/32"- 4'"2 15/32")' = 13' 7r^". 



32 • 



Diagonal 6 7 - V 10=+ (17' 2 1/4" - 4' 9 5/8")' - 15' 11 



32 ■ 



Diagonal 89 - VlC+ClO'S ll/16"-5'0")' - 17' 5^^". 

313. Length of Chord Panels. — Length of any chord panel ia 
found by the same formula. 



Chord r 1 - V 10" + (1' 9 3/4")' = 10' 1 j^". 

Chord Y2= Vl6'"+73' 217732" - ViTZ/Vy - 10' 1 ^ 

"32 ■ 
Chord F6 = V 10= +l4'T) 5/8"^4' 2 15/32")' - 10' O^^' 

Chord y 8 = VTS V(5'T)" -79 578^' - 10' 55". 
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Ex. 17J SEGMENTAL CRESCENT TRUSS 171 

311. Ittngtht of Are Pui«1b. — Lengths of arc paneb of the lower 
chord. 

For arc panel Y I ot A C. 

Join A C and draw radii A P, C P; bisect AC 3,t M hy per- 
pendicular M P drawn through centre P, as in Fig. 427 (not shown 
in Fig. 430). Then as in Example 17. Radius LC : half chord 
K 1 : : 1 : 8in angle A P M at centre P. Or 252' 6 1/8" : 5' 1" : : 1 : 
sin l" 9' 13". 2° 18' 26" = 8306". 

648000" : 8306" : : » (252' 6-|-") : 10' 2" 

And 10' 2" — 10' 1 5=" = 0^" — excess of arc over chord. 

For arc panel Y 2 or CE. 

I 19 

252'6-g-":5'0r2"::l:sinr8'45". 2" 17' 30" = 8250". 

648000" : 8260" : : t (252* 6 \") : 10' 1 ^" = arc C E. 



For arc panel 74 or EG. 

252' e^-" : 5' ^" : : 1 ; sin 1" 8' 26". T 16' 52" = 8212". 



io'o4"-io'o^" 



For arc panel F 6 or G /. 
252'64-":5'o4-"::l: 



I0'o|"-10'0^"=^".exce»otarc. 

For ETC panel Y S oi LK. 

2.52' e-i-" : 5' i" : : 1 : sin 1* 8' 7". 2" 16' 14" - 8174". 
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172 LENGTHS OF TRUSS HEHBBRS [Ch. 7 

648000" : 8174" :: T (252' 6-^") :10'0^" = arelK. 
10' Ojq" — 10' Ogs" = **32" ^ excess of arc. 

Example 18, — Saue Truss with Reversed Diagonals (Fig. 431) 

31S. Lengths of Dlagtmals. — Lei^hs of diagonals are alone 
changed. 



DUgonal'2 3 = V 10» + (I3'61/32" - l'93/4'')' = 15' 4- 



Diagooal 45 = VlO' + (17'2 1/4" -3'2 17/32")' = 17' 2- 



Diagonal 6 7= V lO" + (19'3 11/16" - 4'2i5/32")' = 18' 1^". 
Diagonal 89 = V l(pT(2b"'"0" - 4' 9 5/8")' = 18' 2—". 

Example 19. — Semicircular Crescent Truss (Fig. 432) 

316. Varlationa from Enmple 10 of Chivter IV. — Span, 100 ft.; 
rise of upper chord, 50 ft.; rise of lower chord, 37.5 ft., making depth 
of truss at middle 12.5 ft. Upper and lower chords are each divided 
into 14 equal arc panels by radials as shown. If these radials all 
radiate from the centre P, the calculations become far more difficult 
and the appearance of the truss is less satisfactory. 

317. Eadil of Chords-^Uadius of upper chord = 50 ft. For 
obtaining radius of tower chord, in Fig. 433 join apexes and Q, 
and bisect Q by perpendicular R S, intersecting extended middle 
vertical at S, the centre of the segmental lower chord. 

Since the two right-angled triangles RO S and PQ have the 
common angle RO P, their corresponding sides must be proportional 
to each other. 

Hence P :0 R : :0Q :0 S = required radius of lower chord. 

0Q= V(37'6")=T5(P = 62'6". fl = 31' 3". 

Then 37' 6" : 31' 3" : : 62' 6" : 52' 1" = radius of lower chord. 

318. Coiirdlnates of Upper Apexes. — Coordinates of apexes of 
upper chord, origin at P. 

Angle at centre subtended by one panel of upper chord = 
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K, 18) SEMICIBCULAR CRESCENT TRUSS 173 

For apex A. x = 50' 0". y = 0' 0". 

For apex B. Join B Pin Fig. 432; drop vertical from Bt^A P. 



■50' cos 12° 51' 25-; 



■ - 48' 8 




!( - 60' sin 12° 51' 26 y" - 11' 1 y". 

For apex D. 

I - 60' cos 2 (12° 61' 25 4"") - 46' — ". 
7 16 

S - 60' sin 2 (12° 51' 25 y") - 21' 8 ^i". 

For apex F. 

I - 50' cos 3 (12° 51' 25 y") - 39' 1 ^". 



For apex H. 

a: - 50' cos 4 (12° 61' 25 y") - 31' 2 i'. 
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For apex J. 



For apex L. 



1/ = 50' sin 6 (12" 51' 25 y") = 48' 8 ^". 
For apex N. x = 0' 0". y = 50' 0". 

319. Aiigl9 at Cflntre Subt«ndad by Panel at Lower Chord. 

In the rightr^gled triangle S R, S : R :: I : sin S li. 

Or 52' 1" : 31' 3" ; : 1 : sin 36' 52' ll|-". 

Angle OSQat centre 5 subtended by one-half the lower chord = 



7 
by one panel of the lower chord, 

Join^ S = 52' 1". PS = 52' 1" - 37' 6" = 14' 7". 

The angle P A S = angle between A S and a horizontal dran-n 
through S. 

Then 52' 1"; 14' 7" ;:1 : sin 16° 15' 37" = angle PAS. 

320. CoordlnateB of Lower Apex«B. — Coordinates of apexes of 
lower chord referred to origin at P. 

For apex A. z = 50' 0". u = 0' 0". 

For apex C. 
X = 52' 1" cos [16" 15' 37" + 10" 32' 3y") = 46' 6". 

y = 52' 1" sin [16" 15' 37" + 10" 32' 3 y"] - 14' 7" = 8' 10 ^". 

For apex E. 
.1 = 52' 1" cos [16" 15' 37" + 2 (10" 32' 3 y")] = 41' i^". 

y = 52' 1" sin [16" 15' 37" + 2 (10° 32' 3 y")l - 14' 7" = 17' 0". 
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For ap«x 0. 
X - 52' 1" coe [16° 15' 37" + 3 (W 32' 3 y")l - 34' 11 ^'. 

y -52'!" sin [16° 15' 37" + 3 (10" 32' 3 y")]- 14'7"-24'4 j5". 

For apex /. 
I - 52' 1" CO [16° 15' 37" + 4 (10° 32' 3 y")l - 27' 3 y". 

y - 52' 1" sin |16° 15' 37" + 4 (10°32'3y")l- 14'7"-29'9 " 
For ap«x K. 



16 



y - 52' 1" sin [16° 15' 37" + 5 (10° 32' 3y")J-14'7"=34'0^" 



For apex M. 
= 52' 1" co« [16° 15' 37" + 6 (10° 32' 3 -I 



-")) - 



For apex 0. i = 0' 0". j/ = 37' 6". 

321. Tabla ot Apex CoordJnateB. — For greater convenience in 
the succeeding computations, the coordinates of the apexes of the 
upper and lower chord are tabulated as follows: 

Upper chord 
Apex X. Y 

A. 50' 0" 0' 0" 

48' 8 31/32" II' 11/2" 
45' 9/16" 21' 8 11/32" 
39' 13/32" 31' 2 3/32" 
31' 2 3/32" 39' 1 3/32" 
21' 8 11/32" 45' 9/16" 
11' 11/2" 48' 8 31/32" 
0' 0" 50' 0" 



B. 



F. 
H. 





Lower chord 


Apex X. 


Y 


A. 


50' 0" 


O'O" 


C. 


46' 6" 


8' 10 17/32" 


E. 


41' 4 31/32' 


17' 0" 


0. 


34' 1115/32 


24' 4 15/32" 


I. 


27' 3 1/2" 


29' 9 5/16" 


K. 


18' 8 11/16' 


34' 7/32" 


M. 


9' 6 1/4" 


36' 7 1/2" 


0. 


O'O" 


50' 0" 



N. 

322. Lenirtba of Badlala Bfltwesn ^ezfli. — Difference of ab- 
Bcissas X of ends of radial = its horizontal projection. 

Differences of ordinates y of ends of radial = its vertical projec- 
tion. 
Length of radial = V (horizontal projection)'+(vertical projection)'. 
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Radial 1 2 - V(2'231/32")' + (2'23l")' - 3' -; 



Radial 3 4 = V (3' 7 19/32")' + (4' 8 11/32")* = 5' 11 -r-". 



Radial 5 6 - V(4' 1 9/16")" + (6' 9 5/8")' - 7' 11 y". 



Radial 7 8 - V (3' 10 16/32")' + (9' 3 25/32")' - 10' 1 j 



Radial 9 10 - V(2' 1121/32")' + (ll'O 11/32")' - H'Sjj" 

Radial 1 1 12 - V (r 7 1/4")' + (12' 1 15/32")' - 12' 2 -j-". 
Radial 13 13' » 12' 6" by construction. 

323. Lengthf of Diagonal!. — 
Lengtli of diagonal = 

V (liorizontal .projection)' + (vertical projection)' 
«13„ 



Diagonal 4 5- V (2' 3 7/8")'+ (14' 2 31/32")' - 14' 4 y". 



Diagonal 6 7 - V (3' 9 7/16")' + (14' 8 5/8")' = '^'^f". 
Diagonal 8 9 - V (5' 7 5/32")' + (15' 3 1/4")' - 16' 3 55" 



DiagonailOll - V(7'73/16")'+ (14'83/4")' - I6'6j^". 



Diagonal 12 13 - V(9'6 1/4")' +(13'4 1/2")' - 16' 5". 

324. Lengths ot Mamberi of Chords. — Since eacii chord i^ here 
divided into equal panels, it will only be necessary to compute the 
chord and arc lengths for one panel of each chord. 

For up)3«r chord. 

12° 51' 25.=-"= angieatcentrePsubtendedby one panel, as before. 
2 X 50' sin -i- 12° 51' 25 y" - H' 2^^" - length of chord panel. 
180° - e 
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And U' 2^" — 11' 2^" =— " = excess of are length over chord 
length. 

For lower chord. 

10° 32' 3—" = angle at centre S subtended by one panel. 

1 1 3 

: 9' 6 — = chord panel length. 

10° 32' 3 y" = 37923". 

648000" : 37923" : : t (52' 1") : 9' 6 — " = arc panel length. 

Then 9' 6 — " — 9' 6 -^" = r^" = excess of arc length over chord 

length. 

Example 20. — Same Truss with Reversed Diagonals (Fig. 433) 

Since the codrdinates of the apexes are the same as in the last 
example, the horizontal and vertical projections of the diagonals are 
easily computed by means of the Table of coordinates of apexes. 
Lengths of chord and radial members are unchanged. 

326. Lengths of DUfonali. — 
Diagonal 2 3= V"(rT0*T"(5' 10 1/2")» = 9' 4—". 

Diagonal 4 5= V(10'13/32")H (2'81/8"r = 10' 5^". 



Diagonal 6 7 = V(ll'919/32")'+ (l'425/32")' = U' lOr 



Diagonal 8 9 = V(l2' 5 13/32")H (5' 07/8")* = 13'5- 



32 ■ 

Diagonal 12 13 = V(]l' 1 1/2")*+ (ll'231/32"^ = 15' 9 — ". 

326. Crascant Truss with Kadials from Centre of Upper Chord. — 
For a crescent truss with radials from centre of upper chord, the 
calculation of the lengths of the members is far more difficult than 
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for Example 19, since the lengtlu of the panels of lower chord are 
unequal. This truss with equal lengths of the upper and of the lower 
chonl is more easily constructed and has a better appearance when 
built. Therefore it is recommended for practical use. 

Example 21. — A Hemispherical Dome Supported by Crescent 
Trusses (Fig. 434) 

327. Variations from Example II of Chapter IV. — Dome is 100 ft. 
in diameter and is supported by 12 complete crescent trus.*cs inter- 
secting in the middle vertical. Depth of truss at vertex = 12.5 ft, 
Each truss is divided into 12 equal panels in each chord, as id fig. 

. 434. Calculations of the lengths of chord and web members are 
made in the manner eniploye<l for Examplp 19. Since the span and 
rise of the chord^^ of the crescent truss are the same as in that example, 
but the numl>er of panels in each quadrant is 6 instead of 7, it 
l)ecomcs nece.-isary to make completi- calculations for this Example. 

328. Radius of Lower Chord. — In Fig. 435, join M R and bisect 
same by perpendicular Q P, cutting extended middle vertical at P, the 
centri" nf the lower chord. 




.1/ R = V 50^ + (37' 6")' = 62' 6". M Q = 



Then 37' 6" : 31' 3" : : 62' 6" : 52'1" = A/P= radius of lower chord. 
And 52' 1" - 37' 6" = 14' 7" = P. 
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329. Aii£:l»i at Centres Subtended by Chord Paneli. — 
^* ^ tan 16" 15' 37". 

angle at centre P sub- 
tended by one panel of lower chord. 

And -T- = 15° = angle at centre subtended by one panel of 
upper chord. 

330. Co6rdinatea of Upper Apexes. — CoOrdmates of apexes of 
upper chord referred to origin at 0. 

For apex A. x = 50' 0". y = 0' 0". 

For apex B. 

z = 50' cos 15° = 40' 3^". 

9 ,. 
y = SO'sinlS" = 12'11— ". 

For apex D. 

x = m' cos 2 (15') = 43' 3 1-". 

y = 50' sin 2 (15°) =25'0". 
For apex F. 

X = 50' cos 3 (15°) = 35' 4 — ". 

y = 50' sin 3 (15°) = 35' 4^". 

For apex H. 

a; = 50' COS 4 (15°) = 25' 0". 

V = 50' sin 4 (15°) = 43' 3^". 

For apex J. 

9 
a; = 50' cos 5 (15°) = 12' 11 — ". 

y = m' sin 5 (15°) = 48' 3 y^". 
For apex L, x ~ 0' 0". y = 50' 0". 
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331. Coinilliuttes of Low«r Ape»>. — Codrdlnatee of apexes of 
lower chord referred to origiD at 0. 

For apex A. a: = 50' 0". y = 0' 0". 
For apex C. 



y = 52' 1" sin (16° 15' 37" + 12° 17' 23 -|-")- 14' 7"= lO'S^". 



For apex E. 



For apex G. 



For apex /. 



For apex K. 
X = 52' 1" cos [16° 15' 37" + 5 (12" 17' 23 -|- ")] =- 11' 1 ~". 

y = 52' 1" sin [IQ' 15' 37"+ 5 (12" 17' 23 ^")]- W 7" = 36' 3 1 



332. Tftble of Coordinates. — ^Tbese coordinates are also tabulated. 

Apex X y Apex x y 

A. 50' 0" O'O" A. 50' 0" 0*0" 

B. 48' 3 9/16" 12' 1 1 9/32" C. 45' 9" 10' 3 25/32" 
D. 43' 3 5/8" 25' 0" E. 39' 4 27/32" 19' 5 23/32" 
F. 35' 4 9/32" 35' 4 9/32" G. 31' 3" 27' 1" 

H. 25' 0" 43' 3 5/8" /. 21' 7 31/32" 32' 9 3/8" 

J. 12' 1 1 9/32" 48' 3 9/16" K. 11' 1 1/32" 36' 321/32" 

L. 0' 0" 50' 0" M. 0' 0" 37' 6" 
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333. LengQiB of Badlalt and Piitgonala. — Radials and diagonals 
are computed in tiie same manner as in Example 19. 

Radial 1 2 - V (2' 69/16")' + (2' 7 9/16")' - 3' 7 j^". 

Radial 3 4 - V (3' 10 25/32")" + (5' 6 9/32")' - 6'9-g". 

Radial 6 6 - V (4' 1 9/32")' + (8' 3 9/32")' - 9'2 j^"- 

Radial 7 8 - V (3' 4 1/32")' + {10' 6 1/4")' - "'Ojg" 

Radial 9 10 - V (r 101/4")' + (11' 11 29/32")' - 12' 1 y". 
Radial 11 U'" 12' 6" by conatruction. 



Diagonal 2 3- V (8' 10 23/32")' + (6' 6 7/16")' = 11' Ot 



„25„ 



Diagonal 4 5 - V(12'06/8")'+(2' 1")' - I2'2 ^j". 
Diagonal 6 7 - V (13' 8 5/16")'+(2' 6 29/32")' - 12' 11 =5". 



Diagonal 8 9 - V (13' 1031/32")'+(6' 1131/32")' - 15'65 



32 ' 

334. Lracttu ot Chord and Are Panels. — Lengths for members of 
upper chord. 

Caiord panel = 2 X 50' sin -^ 15' = 13' -3-". 

15° - 54000". 

MJUU" : ; OU' X )r ; 13' 1 

Then 13' Ir:;"— 13' 0-^" = ts" = excess of arc over chord. 
16 8 lo 

Lengths of members of lower chord. 

„<,5 

16 

12° 17' 23 4-" - 44244." 
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&48000" : 44244" : : t (52" 1") : 11'2^" = length of arc panel. 

, 1 „ , 1.1„ 1 „ 

Then 112r:;— 111-— = —r = excess of arc over chord. 
16 lb 4 

Example 22. — Samk Crescent Truss with Reversed Diagonals 
I Fig. 435) 

336. LflogthB of IKagMula. — Lengths of diagonals are alone 
changofi from those in Example 21. 

23„ 



Diagonal 2 3 = V r2'.j3 8"/--r( 14'fi!t, 32")= = 14' 10^". 



Diagonal 4 5= > (4'uy, !«")= + (15' 109/16")= = 16'4—". 



Diagonal 7= V (6'3''r + il6' 25 8")- = ^''^Ja"- 

Diagonal 8 9= V""(8'8 11, 16"j^VU5'63, 1U")= = l^'Qgs"- 

Diagonal 10 11 = ^ 1 1 1' T [, W'> + i l.f S" iX 32^ = 17' 7Tg". 
A. Jjcngth.s of purlins with axes cuircd in horizontal planes. 

336. Radii of Purlin Axes. — The axes ami arc of each purlin tie 
in a horizontal piano circle drawn through tlio corresponding apox 
of the upper chord. 

The 50' cos angle between railius drawn to the apex and a hori- 
zontal = radius of this horizontal circle. 

50' cos 0° = 50' 0" = radius of horizontal plate or purlin at A. 

, ^ .. 
50 cos 15 = iS 3 " = radius uf axis of purhn at B. 

50' cos 2 (15°) = 43' 3 ~" = radius of axis of purlin at D. 

.50' cos 3 (Lj") = 35' 4 — " = nidius of axis of purlin at F. 
50' cos 4(1.-.=) = 2.-/0" = radi^l^ofaxisof purlin at//. 
.50' cos 5 (15°} = 12' 1 1 :'"" = radius of axis of purlin at J. 
.')0'cos6{15) = 0' 0" = radius of axis of purlin at vertex of dome. 

337. Lengths of Furlin Axis. Chords. — Each purlin subtends an 
angle of 15° at the centre of the horizontal circle containing it. 
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Then 2 radius sin — 15° = length of chord of purlin arc. 



2 X 43' 3 y" sin 7" 30' = 1 1' 3 — " for purlin at D. 

3 

2 X 35' 4 ^" sin T 30' = fl' 2 -j" for purlin at F. 

2 X 2o' 0" sin 7° 30' = 6' fi -j^" for purlin at H. 

338. Purlin Axis Vertical or Horizontal.— If in this case the 
prinoi]>al li.xis of cror>s-scction of the purlin l>c vertical or horizontal, 
it will lie niM-cssarj' to iasort iron or steel we<lge fillers ln^tween the 
purlin aiiil the upper chord as well as between it and the curved 
rafters. The piirlin is then bent sidewise only to the required curve, 
which makes the siniple:<t mode of construction. 

339. Purlin Axis Radial. — Or the main axis of its eross-.section 
may be penw-ndicular to the upper chord, when no fillers will Iw 
required between chord and purlin or under the cur\'od rafters, but 
the purlin must then be bent ed(jewise a,s well as sidewise to bring 
its axis into the <lcsircd curve. The arc length of tiie axis is the same 
in both ca.ses. lo° = 54000". 

(i4S(XK)" : r)4000" : : a- X radius : arc length of purlin. 



16 



(>4S(M)U" : .J4000" : : ir X 50' 0" : 13' 1 — " = arc purlin at A. 
648000" : 54000" 

04StfKXI" : .54000" : :t X 43' 3j" : 11'4^" = arc purlin at D. 

',) II 

648000" : 54000" : : x X 35' 4 — " : 9' 3 — ." = arc purlin at F. 

648000"; 54000": 
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1 
7 


648000" 


54000 


'::>-X12' 


"4 


--!"= 


arc purlin at J. 






And 13' 


1 „ 
16 


13'0|" = 


7„ 
16 


= exce»ot 


re over chord at A. 




>^'7i 


- 12' 


7A" -i?' 


= ex 


esa of arc over chord at B. 







' — 11' 3 ^" = -^" = excess of arc over chord at D, 



9'3- 



, 17„ _, . 5 „ 7 „ 
'32 ~ " "16 "32 



= excess of arc over chord at H. 



3' 4 — " — 3' 4 — " = — " = excess of arc over chord at J. 
B. Lengths of purlins with axes curved in great circles. 

340. Description. — Main axis of cross-section of purlin per- 
pendicular to upper chord and curved rafters. Hence the purlin 
is bent sidewise and edgewise. No fillers. If the interior of tha 
dome be visible from below, its appearance will not be as good as 
in caae A, since the successive purlins in a ring do not form a con- 
tinuous curve between the apexi's, and the divergence increases 
toward the vertex. But all purlins have the same curvature and 
there are other structural advantages. The curved axes of the purlins 
have a uniform radius, here = 50', but the angles subtended at the 
centres of the great circles vary. Chord lengths of purlin axes are 
the same as in case .'1. 

341. Arc Lengths of Purlin Axes. — 



100' 

lyTSjie 

100' 

ir321/32" 

100' 

9' 2 3/4' 



2 X 50' 100' 2 

Angle for apex A = 15° = 54000". 

sin 7" 14' 38". Angle for apex B = W 29' 16" = 52156' 

= sin6''29'2S". Angle for apex = 12" 58' 58"=4673t5". 

17' 44". Angle for apex F= 10° 35' 28" = 38128". 



Ex. 23) HEIUSPHERICAI. RING DOME 



6' 6 5/ 16" 



7^ -6ttn 3" 44' 30". Angle for apex ff = 7" 29' 0" =26940". 

V4 11/^2" 

— j^r— = sin 1° 56' 8". Angle for apex J = 3' 52' 16" = 13936". 

Then 648000" : angle at centre ; ; «■ X fl : arc length. 



«29„ 



648000" : 26940" : : 157.08' : 6' 6 — " = arc purlin at H. 

648000" : 13936" : : 157.08' ; 3' 4 ~" = arc purlin at /. 

13' 1 75" *- 13' -T-" = r^" = excess of arc at A. 
lo o 16 

12' 7 ^' - 12' 7 — " = ■^" = excess of arc at B. 
i£ 16 ii 



-i"- 


- »'2|" 


= — " = excess of arc at F. 


-1"- 


- -^" 


= —" = excess of arc at H. 
16 


3'4l?"- 


- 3'4i|" 


= 0" = excess of arc at /. 



EsAUPLE 23. — A Hbhisphebical Ring Dome without Trussks 
(Fig. 436) 

343. Variations from Exaiiqd« 12 of Clufiter IV. — Assume a 
dome of the same dimensions as in the last example, supported by 12 
complete semicircular meridian ribs and 6 ring purlins, including 
the plate at base of dome, as in Fig. 436. 
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343. Lei^:ths of Members. — The coinputatioiLs are made in th« 
same manner as for the last example, omitting all those relating tc 
the lower ehord and web members-. 

344. Lengtbi of Purlin Chords and Arcs.~All lengths of panel' 
of meridian rings will he the same as those previously found foi 
panels of the upper chord, as well a* tliose of the purlins. It only 
remains to obtain the lengths of diagonals for each area between two 
ribs and two purlins. Each area forms a trapezoid, whose meridian 
sides = chonl length of a panel of meridian rib or of upper chord. 
Its horizontal sides are parallel and each = chord length of purlia 
on that side. Fig. 437 represents the <levelopment of these successive 
trapezoidal areas between two ribs. 





346. Lengths of Diagonal Roda. — Let Fi;^. 
438 represent one of these trapezoidal areas 
between chorti panels AC, B F oi two ribs, 
and chords A B, C F of two purlins. 



CD = 



-{CF-AB). DF = CF-CD. 



AD = V (.4 (y^CD'-). A F = \' A D'- + DF^~. 
Both diagonals of an area have the same lengths. 
Take ehord lengths of ribs and piirlins pre\'iously computed in 
Example 21. 

For figure A Bab, Fig. 437. 
( 5 o 21 

7 (13' 0-'- 12' 7-") =0-2:;;^". 



16 ' 



32 ' 
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I3'0-'- 


o'^i^"' 


.12'9j^". 












- VWlfS" 






)'- 


13' 




P«r|>crKlipiilar ■■ 


8")=-(0'213 


/lli" 


"52"- 


Diagonal ^ 


- V(i:voi' 


l)'S2"l'+Tiy 


oTi: 


oii^ 


)- - 


: IS' 3 


For figure BDbd. 












i'-i:,"- 


n.-.. 


=»-!■■ 










.2.7 i- 


o't|" = 


"'uS'. 











Diagonal = V{13'07;16"j- + dl' 11 15/32)' = 17' 
For figure Z>Frf/. 

"'^i"-''°i"->»'4"- 



Perpendicular = V(I3'05 8"i- - (I'O 15, 32")^ = 13' 



Diapmal = V(l3' 1/8")= + (10' 8 3/19")^ = ItJ' 10". 
For figure/"' ///A. 

|(„.2|.._e.e|", = i'4l". 



Perpendicular = V(13'0o/8"J-^ - (1'4 1/10")-= 12' " T^"- 

Diagonal = V(l2'"lT"l.Vl(F'j= + (7' li) 11/16"7= = l-"''2-^". 
For figured J hj. 
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Porppndicular = V(13'05/8")' - (l'71/16"r = 12' 11 - 



Diagonal = V(l2' 1115/32")= + (4' 11 9/lG")= = IS'IO— ". 

346. Construction of Ring Dwne.^In constructing a ring dome, 
if. will bf more convenient and economical to rivet lower Sangc of 
purlin on upper flange of meridian rib, instead of cutting purlins 
between ribs, so that the centre line of the purlin would meet centre 
lines of ribs at the apexes. Then the chord and arc lengths of the 
purlin are both increased, since they are more distant from the 
centre of the dome by half (depth of rib + depth of purlin). 

For example, let 10" = depth of rib and 8" = depth of purlin. 



1 



- 0.75 ft. = 



in the radii drawn 



to ends of axis of purlin, making total radius = 50.75 ft. 

347. bicrsaied Leogtbs of Purlins on Upper Chord. — Since these 
purlin axes are parallel to eaeli other between two adjacent apexes, 
and the angles at the centre subtended by them are identical, the 
two triangles formed by the end radii and the parallel purlin axes 
are similar. Therefore the chord length of the inner axis will be 
0.75' 



increased by - , 
Hence, purlin at A ■■ 



= 0.015 of its original length. 



' X 1.015 = 13' 2 



31„ 



Purlin atB = I2'7— " X 1.015 = 12' 9; 
16 J 

PurlinatO= 11' 3 1^" X 1.015 = 11' 5^ 

Purlinat/'= 9'2 -?-" X 1.015 = 9' 4^ 
4 3 

Purlinat//= 6'6-^" X 1.015 = 6' 77 



Purlin at 7 = 3'4— "X 1.015 = 3' 5 g^"- 

As these purlins are curved in horizontal circles and not in a great 
I'lrcle of the sphere, it becomes necessary to determine the horizontal 
nwlii to their ends before computing their arc lengths. 



C. 23] HEMISPHERICAL RING DOME 

SW. B>ilU ol FuilInB.— 

Thus 50' 0" X 1.015 = 50' 9" = horizontal radius at X. 



25' 0" X 1.015 - 25' 4 -^" at H. 

12' 11 il" X 1.015 - 13' 1 y" at J. 
Then since the sectors are similar : 
319. Langths of Purlin Arcs. — 

50' 0" : 50' 9" : : 13' -^" : 13' 2 --" = arc purlin at A. 

48' 3 Tj" : 49' -i-" ; 12' 7 ^" : 12' 9 T^" - arc purlin at B. 



16 

'"""-'•■'"-32 ■'■•'16 

li?' 
32 



11' 3 -i": ir 5 Ji" - arc purlin at D. 



' = arc purlin at J. 
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350. Need (or Consideration. — In the previous con.si(leration of 
the roof trusses, no attention has been paid to the manner in whicii 
they are supixtrtctl at their ond.s, excepting the use of pin joints or 
expan.sion rollers. It is very evident that a truss might support 
its loads with entire safety, yi't the structure might be destroyed 
by the failure of the su|>porting walls or columns under the maximum 
wind prefisure acting on them and the roof. It therefore becomes 
necejisary to study the general conilitions of stabiHty against wind 
pressures on structures, and to citrefuUy examine some typical ca,ses. 

361. Masomr Wall under Horizontal "WtnA Presnire. (Fig. 
439.) — For simpHcity, coniTnence with a masonry wall of uniform 
thickness exposed to a horizontal wind pressure. 

Let Fig. 439 represent such a wall with thickness t and height 
k in ft., built of masonry weighing w iVis. per cubic ft., and able to 
resist a safe com]>ression of i/ ll>s, per sq. ft. 

Let p = wind pressure in l!)s. per sq. ft, against side of wall. 

Consider one foot in lengtii of the wall. 

Weight of wall = h I w ill lbs., or ^ in tons. 

■" 2000 " 

The ba.-:e or thickness of the wall h divided into three equal i»arts 
as indicated b\' the semicircles in Figs. 439 to 443. 
Six different cases may occur. 

362. Case 1. Ho Wind P^eaB^l^e.^^■erfical resultant of weight 
of wall interse<'ts its ba.se at middle, coinciding with vertical axis of 
the wall. Uniform pressure of wall on its base = hw per .sq. ft. 

363. Case 2. ^nd Pressure Light. — Resultant of weight of 
wall and of wind pres.-iure falls within the middle third of its ba.'-e. 
(Fig. 440,) 

The weight of the wall in tons is laid off from its centre C to a, 
then the total wind pressure in tons from a to 6, Join C b and 
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prcxluce to intersect base at d. The roHultaut ft may be resolved 
at d into a horizontal component a b and a vertical component C a. 
The horizontal component tends to slide the wall in the direction 
of the wind, but this may generally be neglected, on account of the 
great friction of masonry on masonrj'. The vertical component 



w-'/^J 




k~\sr 



acts vertically at d, nearest the leeward sitte of the wall, so that this 
vertical pressure is not uniformly distributed, being greatest at the 
leeward edge of base and smallest at its windward edge. These 
intensities may be computeil by the following formulas. 

I>et /= eccentricity C rfin ft., or distance from middle of wall to d. 



ThenAM;(l + -^) 



intensity at leeward edge. . . . (37) 



And hwil - 



) = minimumintonsity at windward edge. . (38) 



Lay off these intensities g m and i k in Fig. 440; join m k, ami the 
pressure area mgik repre.sents the varying intensity of pressure of 
the wall on its base, as well as its total pressure. This area e<|uals 
the rectangular pressure area in Fig. 4;J9, and its centre of gravity 
must l>e vertically over d. 

364. Caae 3. Wind PreBiure Safe. — Resultant falls at edge of 
middle third of base. (Fig. 441.) 
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Since the centre of gravity of the pressure area must be vertically 
over d, this area must be a triangle, thus making pressure at 
windward edge and one of 2 A u> at leeward edge. 

3fi6. Case 4. Wnd Pressure HeaTj.— Resultant falls outside 
middle third of base. (Fig. 442.) 

The pressure area must still be a triangle with ita centre of 
gravity vertically over d. Hence make m i thrice d i and construct 



Since it is unsafe to consider the tensile resistance of masonry, on 
account of the possible lack of adhesion of mortar at a joint, the 
base joint of the wall is assumed to open slightly as far as m, 
where compres.sion occurs from to the windward edge, but not 
tension. 

This condition of the wall is still safe, provided the leeward 
intensity of pressure i k does not exceed the safe limit of resistance 
to compression for the kind of masonry employed. But if this 
be exceeded, the masonry will be in dai^er of crushing, and if the 
wind pressure increases, the intensity of compression increases far 
more rapidly until the wall fails by crushing at its leeward edge 
before being directly overturned about this edge. 

366. Case 6. Wind Praasure Destnictife. — The resultant falls 
at leeward edge of base. (Fig. 443.) 

The wall is in unstable equilibrium, being on the point of over- 
turning about its leeward edge d. But since the intensity of com- 
pression at d is then infinitely great, it would certainly fail by crush- 
ing before overturning. 

367. Case 6. Wind Pressure a Hurricane. — Resultant falls 
outside the base. 

The wall must have already failed by crushing and overturning. 

3SS. Results of this Examination. — A careful study of these 
different cases shows that the resultant R may fall outside the middle 
third of the base without danger of failure for the wall, so long as 
the maximum intensity of pressure does not exceed the safe resistance 
of the masonry. To ivcep the resultant within the middle third of 
the base merely signifies that the maximum intensity shall not 
exceed twice the uniform intensity of compression. There is nothing 
sacred in the principle of the middle third. This explanation equally 
applies to masonry arches, vaults, domes, chimneys, etc. 
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Example 1. — A Masonry Wall. (Figs. 444 to 446) 

369. D«ter4>ti(aL — Let this wall have the following dimensions, 
weights, and resistances. 

Wall 19 ft, high and 3 ft. thick, built of common bricks in lirae 
mortar, weighing 112 lbs. per cu. ft.; maximum safe resistance to 
compression = 10000 lbs., or 5 tons per sq. ft. 

Weight of one lineal ft. of wall = 19X3X112 = 6384 lbs. 

Then — — '= 2128 lbs. = uniform intensity of pressure on foun- 
dation, less than one-fourth its safe resistance. 

360. ^nnd Prflssure lAf^. — Assume wind pressure of 30 lbs. 
per sq . ft. on its vertical surface. 

Total pressure = 30 X 19= 
670 lbs. (Fig. 444.) 

Lay off C a = 6384 lbs. and 
ab = 570 lbs.; join C b and 
produce resultant R to d; lay 
off thrice d i from i to m to 
obtain base of pressure area. 
Maximum intensity i k = 

^^Y^ = 6535 lbs. Lay this <. 

off from i to k and join m k, 
when mki = required pressure 
area. The joint opens as far 
as m; the resultant R falls 
without the middle third, but 
since the maximum intensity 
does not exceed 62 per cent of 
the safe allowable compression 
on the masonry, the wall is 
perfectly safe under this wind 
pressure. 

361. Wind PresBUre Medium. — ^Assume a wind pressure of 40 
lbs. per sq. ft. (Fig. 445.) 

Total wind pressure = 19 X 40 = 760 lbs. Proceed as before 
to locate d d and make im = thrice r d, which is 1.00 ft. Hence 
2 X 6384 
— i-^jr — = 12768 lbs. to be laid ofEtofc; joinm*. This intensity 
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at leeward edge exceeds safe intensity of compression by nearly 28 
per cent, so that the wall is unsafe. 

362. WtnA Prflisure Hailmuin. — Assume a wind pressure of 
60 lbs. per sq. ft. (Fig. 446.) 

Total wind pressure = 19 X 50 = 950 lbs. By the previous 
2X6384 



method, ; 



a found = 0.43 ft. And i h = 



0.43 



= 29693 lbs. = 



leeward intensity. This leeward intensity greatly exceeds the safe 
resistance of the masonry to compression, so that the wall would 
already have been destroyed under a smaller wind pressure. 

Therefore, if this wall were exposed to a wind pressure exceeding 
35 lbs. per sq. ft., its thickness must be increased to make it safe. 
Example 2. — Two Walls are Connected Hobizontally at 
Top by Struts, etc. (Fig. 447) 
363. DescriptioiL— Each wall is 19 ft. high and 3 ft. thick, built 
of hard bricks in cement mortar. 
Weight 125 lbs. per cu. ft. Safe 
resistance to compression 25000 
lbs. per sq. ft. Wind pressure 50 
lbs. per square foot. 

Consider one foot in length of 
each wall. 

Weight of one wall = 19 X 3 
X 125 = 7125 lbs. 

Wind pressure on windward 
wall = 19 X 50 = 950 lbs. 

364. Keslstance to Wind Prei- 
B«r«. — Half this pres.sure should 
be rcsiatetl by each wall, its share 
being transmitted to leeward wall 
by struts connecting the tops of 

the walls. Hence -r- = 475 lbs. = 

pressure on one wall. Proceeding 
as before, i tw is found = 2.70 ft. 



ft. = intensity of compression at leeward edge of wall, .\lthough 
the resultant R intersects the base outside its middle third, the 
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WALL AND GABLE HOOF 

walls arp amply safe, since the maximum intensity of compression 
Iwirely exceeds 21 per cent of its safe intensity. 

If both walls equally resist the wind pressure and are properly 

coanected at top, the force transmitted thereby — —- = 237.5 lbs. 

I>er lineal foot of the wall. If these connections were roof trusses 
16 ft. on centres, the force transmitted by each truss = 237.5 X 16 = 
3800 lbs., which would produce compression to tliat amount in a 
horizontal lower chord or more in one cambered or raised at the 
centre. This would seriously lessen the usual tension in lower 
chord and might even exceed it, causing a reversed stress, requiring 
its effects to be investigated. 

Kx:.\MPLE 3. — Wall Suppohtino a Gable Roof (Fig. 448} 

366. Description. — A single masom-y wall supports a gable roof 
rc-it ing on rant ilever trusses, forming a structure suitable for suburban 
railway station, etc. Hoof 19 ft, span and 4 ft. rise, resting on wall 
of hard bricks in cement, 3 ft. thick and 8 ft. high from top of plat- 
form, or 12 ft. above foundation. 
Platform is directly supported 
by the ground. 

Consider one lineal foot of 
wall and roof. 

Permanent load is founii to 
W 483 lbs. 

8now load is computed at 
228 lbs. 

Wind load is here 208 lbs. 

Weight of wall = 12 X 3 X 
125 = 4500 lbs. 

Wind pressure on wall = 8 X f a 448 

40 = 320 lbs. 

366, Besiitance to Wind Presnira. — A cross-section of the wall, 
roof, and platforms is given in Fig. 448. The resultant of wind 
pressures on roof and wall is found, then produced to intersect vertical 
axis of wall at a, from which are laid off sum of P and S loads to b, 
veight of wall to c, and resultant of wind loads to e. The resultant 
of all loads and forces acting on wall is n e ; drawing horizontal 
ed, ad = 5200 lbs. = total vertical component or load on base 



UH^ STABILITY OF WALI^ AGAINST WIND 

^^i waU. And —^ = 1733 lbs. 



|Ch. S 

uniform intensity of pressure 

mi base. 

The resultant R cuts the base outside its middle third at 0.80 ft. 
from edge, making base of pressure area = 3 X 0.8 - 2.40 ft. Hence 

2 X 5200 
it.« altitude = — t-tt — = 4333 lbs. = intensity of compression at 

Iwwanl edge of base. This structure is entirely safe, the intensity 
being 18 per cent of the safe intensity. 

Example 4. — Masonry Piers Sufportinq a Gable Roof 
(Fig. 449) 

367. DftBcription. — The same roof is supported by piers of 
similar masonry 12 ft. high and 4 ft. square, set 12 ft. on centres. 

Weight of one pier = 12 X 4 
X 4 X 125 = 24000 Ibe. = 12.00 
tons. P and jS loads on roof = 711 
X 12 = S532 lbs. = 4.27 tons. 

W load on roof = 208 X 12 
= 2496 lbs. = 1.248 tons. 

Wind pressure on pier = 8X4 
X 40 = 1280 lbs. = 0.64 ton. 

368. Eeilstanco to WioA 
PresBure. — Obtaining resultant 
of wind pressures on roof and 
pier, thb is produced to cut axis 
of pier at a, P and S loads are 
laid off to b, then 6 c ~ we^t of 
pier, and horizontal e d makes 
vertical component of A = 18.20 

tons. Hence ■ ' ■ 1.1375 tons 

Fio. 449 '■^ 

per sq. ft. = uniform mtensity 
of compression. Since the resultant falls within the middle third 
of l»ase, the maximum intensity must be computed by formula. 
Eccentricity = 0.4 ft. 

1.1375 ^1 H 4 j= 1-82 tons per sq. ft., which is ami^y 

safe, the safe resistance being 12.5 tons per sq. ft. Indeed, the aide 
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of the pier might be reduced to 3' 8" and perhaps less with safety. 
This type of structure is then preferable to the last and is more 
economical. 

ExAUPLE 5. — Steel Columns Supporting a Gable Roof (Fig. 450) 

369. DflKriptlon. — The same roof and its loads are supported 
by single steel columns set 16 ft. on centres and each is firmly anchored 
by extending down into a concrete block foundation. Each is com- 
posed of two 6", 10.5 = lb. channels and two 8" X 5/16" plates, 
weight about 600 lbs. = 0.30 ton. 

4.266 X 16 



P and S load of roof = 



W load on roof only = 



12 

2.258 X 16 



9 tons. 



12 

The resultant R is found 
graphically = 8.80 tons. It may 
be resolved into a V component 
of 8.71 tons and an H component 
of 1.20 tons. 

370. ReaiBtance to Wind Pr«a- 
mre. — Ass umin g a maximiun safe 
pressure of the concrete block on 
the soil at 1.50 tons per sq. ft., and 
assuming a concrete block footing 4 
ft, square and 2 ft. deep, its weight 

4 X 4 X 150 X 2 ^ ^^ , 
2000 = ^"^ ^"^^ 

Uniform pressure on soil = 
S 71 4- 2 40 

Z ' = 0.695 tons per sq. ft. Fio. 450 

16 

Eccentricity of resultant at bottom of block = 0.65 ft. 

Then 0.695 (l + ^-^— ^) = 1.375 tons per sq. ft. = 

intensity. 

0.695 ( 1 --— -) = 0.014 tons per sq. ft. = 

intensity. 

This base would then be safe on the soil. 
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Lever ami of R about centre of concrete block = 0.50 ft. Its mo- 

I ment M = 0.50 X 8.80 = 4.40 ft. tons. 

M c 4.40 X 1 
Since s = -j- = ^ - - -^ = 0.826 tons per sq. ft., = tnaxL 

pressure of stee! column against concrete at top and bottom of block; 
this is entirely safe after the concrete has properly set. Therefor* 
concrete footing 4 X 4 X 2 ft. is amply sufficient in this case. It 
is further at once evident that the best mode of supporting the roof 
is by steel columns. These can be strongly fixed in the concrete 
base by means of horizontal steel beams riveted to the columns and 
embedded in the concrete. 



Example fi.— Masonry Walls Supporting a Gai 
(Fig. 451) 



; Roof 



371. Descrqition. — Ends of the truss are anchored to each wall 
at top. Roof 100 ft. span; 20 ft. rise; walls 25 ft. high and 2 ft. 
thick, of good bricks in lime mortar; trusses 16 ft. on centres and of' 
steel; tin on longleaf pine sheathing, rafters and purlins; no ceiling; 
wind pressure 30 lbs, per sq. ft.; masonry weighs 112 lbs. per cu. ft, 
EfTect of wind pressure appears to be greatest if the snow load be 
omitted. It is here as9ume<l that a strong wooden plate is anchormt 
to the top of the wall by long bolts, and that this together with the 
horizontal strength of the wall may be assumed to cause the wall to 
act as a single mass between centres of trusses. 




372. DtmensionB. — Angle of incli nation of roof = 21.8". 
Length of slope = V5^"4r20' = V2900 = 53.85 ft. 
Wall surface between centres of trusses = 25 X 16 = 400 sq. ft 
Surface of one side uf roof = 53.85 X 16 = 861.6 sq. ft. 
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For convenience it may here be assumed that one truss supports 

an entire bay of the roof, which is practically correct. 

373. Lo»dB <Hi Roof. — 

w ■ u. f * 4.794 lbs. X 16 X 10 „ ^„, ^ 
Weight of truss = ^r^ = 3,835 tons. 

T * I o 1 A (2 + 4 +4 + 3) X 16 X 2 X 53.85 , , „, ^ 
Total P load = - — — — . -.. - = 11.201 tons. 

^, , , 14.53 X 16 X 53.85 ^ ^„ ^ 
W load on roof = ^r^ = 6.28 tons. 

Locating resultant R of wind pressure on roof in Fig. 451 and 
extending it to cut the span line in D, we find A Z) = 29 ft., and 
DB = 71 ft. 

' " ' ■ lupported at A. 

6.28 X -j^ = 1.816 tons supported at B. 

^ ^ - 7.8618 tons - P loads at A and B. 

Q/1 ^ ifi ^ ot; 
Wind pressure on wall = 



2000 
Weight ol one wall - ^' ^ '" ^^i^ ^^-^ " «-8«> «<>ns. 

374. Division of Wind Pressure Between Walls. — Normal wind 
pressure on the roof is divided between supports A and B inversely 
as span line is divided by resultant R. 

Horizontal wind pressure on windward wall is divided equally 
between both walls, this being the principal force tending to over- 
throw them, and both resist it equally or must fall together. 

^^ 6.28sin21.8'' , .„„ ,. • , 

Then = 1.163 tons = honzontal component of nor- 
mal wind pressure acting at top of each wall. 

Assume that this horizontal component be transferred to act 
at mid-height of the wall and combined with the resultant of wind 
pressure on wall, where it would evidently be doubled to produce 
an equal moment at the base. 

Then — ^ 1- 2 X 1.635 = 5.275 tons = total Kwind pressure 

acting at mid-height of each wall. (Fig. 452.) 
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And 1.815 sin 21.8° = 0.674 ton = horizontal force directly 



applied at B. 



5.275 



= 2.638 tons = horizontal force acting at top 



of wall B. 

Then 2.638 - 0.674 = 1.964 tons to be transmitted through the 
truss, producing uniform compression in the lower chord if thb be 
horizontal, thereby reducing the tensile stress in each of its members. 
Should this transmitted stress exceed the tension in any member of 
the lower chord, which is not probable, this excess becomes an addi- 
tional horizontal force, doubled at mid-height, to be resisted by the 
windward wall. 





FIS.C3 

4.445 cos 21.8** = 4.127 tons = 



376. Loads on Walls.- 
V component at A. 
1.815 cos 21.8° = 1.685 tons = V component at B. 
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Total V load = 44.800 + 4.127 = 48.927 toas for windward 
wall. 

Total V load = 44.800+1.(585 = 45.08-5 tons for leeward wall. 

376. Walla Two Feet Thick; Unsafe. — Obtaining in Fig. 452 
the resultjint a c fur the winilward wail and e/ for the leeward wall, 
Imth fall entirely outside the base of each wall, showing that the 
thickness of the walls must be materially increased, or buttresses 
must be added beneath the ends of the truss. 

377. Walls Three Feet Thick; Safe.— Assume the thickness to 
be made 3 ft., as in Fig. 453. 

Wind loads are the same as before. 

Weight of one wall = 44.800 X ^ = 67.200 tons, 

Hence 67.200 + 4.127 = 71.327 tons = V load for windward wall. 

07.200 4- i.685 = 68.885 tons = V load for leeward wall. 

In Fig. 453, making ab = 71.327 tons and be = 5.275 tons, their 

resultant a c cuts the base considerably outside its middle third. 

Also making de = 68.885 tons and ef = 5.275 tons, their resultant 

df falls still nearer the edge of the base of leeward wall. 

71.327 



Then ~ 



X3 



' 1 .485 tons = imifonn intensity of V load per si 



.ft. 



of base of windward wall, when ns wind exists. 

' — = 1.435 tons=umform intensity of V load per sq. ft. of 

base of leeward wall. 

These intensities are laid off at a much larger scale than that 
used for obtaining the resultants, and the horizontal dotted line 
encloses the rectangular pressure area, numerically = total V load 



Next laying ofT from leeward edge of each wall thrice the distance 

to its resultant, the base of the triangular pressure area is found. 

1 485 X 3 X 2 

j-^^ = 4.82 tons = altitude of pressure triangle and = 

maximum intensity of compression on base of windward wall. 

1 435 X 3 X 2 

— T-^ = 5.32 tons = altitude of pressure triangle and = 

maximum intensity of compression on base of leeward wall. 

The pressure area triangles are then drawn in the figure. Since 
the maximum intensity of compression is 5.32 tons per square foot 
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and the Chicago ordinance allows 9 loos for this kind of masonrj', 
these walls are ani|rir safe, unle^ expceed to a wind preasure exceed- 
ing 30 lbe>. per =q, ft. 

378. Walls wiUi BnUraMS man Iconoaikd. — It is beiv suffi- 
ciently e^Hdent that masonn' walls su|qxxting lai^ge roob are fre- 
quently made dangerously thin to safely resist wind pressures. 

But it woul<l be more economical to make the walls nMisiderably 
thinner with a heavy plaster ot buttress under the end of the truss 
on each. (Fig. 4->i.' *• 

.\asume 1' 8" for thickness 
of the walk with inlastets 3 ft. 
wide and projecting internally 
r 8". making a total of 3' 4". 

Fir^ locate the centre of 
gravity of the wall and but- 
tress. Fig. 455 represents the 
plan of a part of the wall and 
two buttresses. The centre of 
gra\-ity of wall is at a, that of 
the pilaster at b. a 6 is divid- 
ed inversely at c as the relative 
areas of wall and buttress, so 
that the centre of gravity of 
one bay of the whole is at d, 
1.16' from outside of wall. 
Weight of wall and one pilaster 
_ 312 3x2o_>< 112 
2000 




-=- 44.333 



44.333 + 4.127=48.460 tons = 
vertical component for wind- 
ward wall. 

44.333 -I- 1.685=46.018 ton5 = 
nz-Ui fi«.B> vertical component for leewanl 

wall. 

The horizontal wind forces acting at mid-height = 5.275 for each wall. 
Making ab = 4S.46 tons and de = 46.018 tons, also be and 

ef = 5.275 tons, their resultants a c and df are drawn, showing that 

the windward wall is probably stable, while the leeward wall would 

certainly fall, as its resultant falls outside its base. 
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- = 1.526 = iinJfonn intensity of prc'^sure on base of W wall. 
- 1.458 = uniform intensity of pressure on base of L wall. 



» 



379. Buttresses Should Project Externally and Internally.^ 

Therefore it appears that the pilasters should project both externally 
and internally. Assume walls 1' 8" thick with pilasters 3 ft. wide 
and projecting one foot on exterior and interior. (Fig. 456.) 

Weiglit of wall is found to be 91,467 lbs. = 45.734 tons. 
Then 

45.734 + 4.127 = 49.861 tons = V component for windward wall. 
45.734 + 1.685 = 47.619 tons = V component for leeward wall. 
49.861 
32 2 3 " 
47.619 
32 2, 3 " 

These uniform intensities of pressure are indicatetl in Fig. 456 
by the dotted horizontal lines at a larger scale. The gravity axis 
here coincides with the centre of each wall. liesultants of V and H 
components are obtained as before and are produced to cut the base 
of each wall. The base of the pressure triangles are found as l>efore, 
the points of pressure being marked 0. For the windward wall, 
since the point falls at the middle of the wall, intensity at inner 
edge of wall = half that at inner edge of pilaster. 

Let .r = maximum intensity of pressure in tons per aq. ft. at 
inner edge of pilaster. 

Volume of pressure wedge on base of wall only = 16 X 1 X 

Volume of prism frustum of pressure on base of pilaster 

3 X ^ = 2.25 X 

Hence the total volume of pressure solid = i x + 2.25 x = 6.25 x. 
This volume must equal the total V component acting on base of , 
wall. 

49.881 
6.25 
s(i. ft. = intensity of pressure at inner edge of inner pilaster. 

For the leeward wall, the point falls outside the middle vertical 
and niaxinium intensity of pressure at outer edge of wall = 0.49 1. 
iVidth of pressure ba.fe for wall = 0.92 ft. 

0.49i 
2 



Then 6.25 2 = 49.861 tons. And x ^ 



7.90 tons per 



Eriume of pressure wetlge for wall only = 16 X 0.92 X - 



= 3.60 jr. 



BTABILITT OF WALLS AGAINST WIND 



Volume of pressure prism for pilaster= 3 X I X 



(0.49+1.00 )x 



2.24 z. 

Total pressure volume = 5.84 x = 47.619 tons, and x = 8.16 tons 
per sq. ft. 

These walls are then safe, since neither maximum intensity ex- 
ceeds 9 tons, the safe limit for the kind of masonry employed. 

380. CoodusUms Belatliifi: to Walls Supportliiff Boots. — This 
example clearly indicates the following conclusions: 

1. Walls are more economical if built with pilasters under the ends 
of roof trusses, than if made of uniform thicknes.s and without them. 
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2. Such pilasters should project both internally and externally. 

3. Buildings with trussed roofs of wide span frequently have 
dangerously thin walb. 
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Ex-iMPLE 7.— Same Koof with Expansion Rolls under one E\r) 
OF Truss {Fig. 457) 

381, DescrtptioiL — If the rolls be at the wimlward wall, that 
wall must alone resist the entire horizontal wind pressure acting on 
it. All the horizontal coiDponents of the wind pressure on the rouf 
must be resisted by the leeward wall alone. If the rolls be at the 
leeward wall, both the wind pressure on the windward wall and the 
entire horizontal eomponent of wind pressure on the roof must be 
resisted by the windward wall alone. Therefore the latter is the more 
dangerous condition of the .structure and will alone be considered. 
But both walls must he of C(iii;d thickness and resistance, unless the 
leeward bo sheltered by an adjacent building, etc. 

382. Rolli at Windward Wall. — Asii^uming expansion roll.>4 at 
windward wail. Tr>' walls 2 ft. thick with pilasters 3 ft. wide and 
projecting 1' 4" externally and internally. 

Weight of one wall = 40 X 25 X 112 = 11200(1 lbs. = 56.00 ton.s 

per bay. 

Wind pressure on wall = 16 X 25 X 30 = 12000 11^. = G.OO tons. 
Normal wind pressure on roof = 6.26 tons as before- 
Then 6.26 sin 21.8" = 2.325 tons = horizontal component of wind 

pressure. 

This is applied at top of wall and = 2.325 X 2 = 4.65 tons at 

mid-height. 

Then G.OO + 4.65 — 10.65 tons = H wind component for wiml- 

wai^ wall. 

And 4.127 + 56.00 = 60.127 tons = V component for the 

same. 

These components are laid off in Fig 457, obtaining their result- 
ant a c, which cuts the base but slightly within the internal pilaster. 

The assumed thickness would then be uasafe, since the intensity of 

compression at iaside edge of pilaster would greatly exceed 9.00 tons 

per sq. ft. 

Assume a wall 2' 4" thick with buttresses projecting 1' 8". (Fig. 

458.) 



Area of b 



= 16' X {2' 3") -I- 3' X (1' 8") = 47— sq. ft. 



Weight of wall = 47 — 
Then66.267-f- 4.127 = 



X 25 X 112 = 132.^33 lbs.= 66.267 
70, .'594 tons — tota! V component 



STABILITY OF WALLS AGAINST WIND 

>4 
47 1/3 
! on base. 
The compression here occurs at 0.10 ft. from centre of the wall 




Let X = maximum intensity of compression at edge of buttress. 
Volume of pressure solid for wall = 16 X l.I X— -r— =4.048a:. 



Total volume of preasure solid = x (4.048 + 3.650) = 7.698 x. 
Equating; 7.698 x = 70.394 tons. 

X —■ 9.14 tons per sq. ft. 
This intensity of pressure slightly exceeds the safe resistance of 
the masonry. 
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Ex. 7) OPEN TRAIN SHED 

Increase thickness of wall from 2' 4" to 2' 8"; 
fore. 



buttresses as be- 



Area of base = 16 X2— + 4X3X1- 



= 62— ! 



.ft. 



Weight of wall = 62 y X 25 X 112 = 17546 lbs. = 87.734 tons. 
Then 87.734 + 4.127 = 91.861 tons = total V component on base. 
Uniform intensity of pressure on base = ' = 1.466 tons persq. ft. 



22/3 



Volume pressure solid for wall = 
Volume pressure solid for buttress = 



Then 17.74 x + 4.35 x = 22.09 x = 
91.861 tons. 

Hence x = 4.158 tons per sq. ft. 
Which is less than one-half the safe 
resbtance of the masonry and there- 
fore amply safe. 

383. EqKUiBlon Bolls Hake 
Thicker Walls NecesBarr. — The last 
example plainly shows that masonry 
walls must be made much thicker, 
when expansion rolls are placed under 
one end of the truss, as the walls are 
then unable to help each other resist 
the winii pressure. 



x%x'Kxx)(%xy, 
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Example i 



—An Open Train Shed 



384. Description. — ^Fig. 460 is a complete plan of the roof, 
indicating the trusses, purling, horizontal ceiling trusses in end bays, 
and the location." of two rows of supporting columns. 

Fig. 461 is a cross-section of the structure without side or end 
walls, excepting for the closed gable ends. Two columns support 
each truss, being connected therewith by external diagonals or 
braces. The columns are 18 ft. high and the diagonals are attached 
at 8 ft. above the ground, so that the lower portion of the column is 
subjected to a lai^e bending moment, when the wind acts on the 
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roof. Construction of gable walls is similar to that of the roof itself, 
except for the trusses. The horizontal wind pressure on gable wall 
is resisted by a horizontal ceiling truss in the end bay, and it ia equally 
dbtributed to each line of supporting posts by means of purlins or 
ceiling struts connecting the upper ends of the posts. 

386. Programme.— Building open on all sides with closed gables; 
100 X 160 ft. and 18 ft. high to roof; span of trusses 100 ft.; rise 
20 ft.; 10 equal panels; cantilever of 20 ft. at each end, making 
columns 00 ft. on centres; covering of painted tin on longleaf pine 
sheathing; steel rafters, purlins, tnisses, and columns; wind 30 Iba. 
per sq. ft. of vertical plane; location in 40° north latitude. 

386. Dimensions. — 

21.8° = inclination of roof. 

10.77 ft. = inclined panel length. 

10.77 X 16 = 172.32 sq. ft. = apex and purlin areas. 




387. Apex Loads. 
Truss = 4.794 lbs, 



per horizontal sq. ft. as before. 

2 5 (40° "JSO^ — IOC IKo ^n- \,r-.-m;^r,nto] 



35°) = 12.5 lbs. per horizontal sq, ft. 



&now = 2.0 \i\s — ^o J = i.i.0 IDS. per norizo 
Wind = 14.53 lbs. per inclined sq. ft. as before 
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P = 172.32 (2 + 4 + 4 + 3 + 4.794 cos 21.8°) = 3007 lbs. = 1.504 

tons. 
5 = 172.32 (12.5 cos 21.8°) = 2001 lbs. = 1.001 tons. 
W = 172.32 X 14.53 = 2504 lbs. = 1.252 tons. 

388. Loads on Half TrusB. — 
Pcrmanrat = 1..704 X 5 = 7.52 tons. 

Snow = 1.001 X 5 = 5.01 tona. 
Wind = 1.2,->2 X 5 = C.2G tons. 

389. Stresses in Intennediate Truss. — Fig. 4()2 is the P sti'ess 
diagram for the half truss. No stress here occurs in the diagonal 
connecting post and lower chord of truss, and the stress diagram 
is drawn s& for Example 13. 

The S stresses can be computed by the proportion: 
1.504 : 1,001 : : P stress : 8 stress in same member. 
Fig. 4tj3 is the W .-itress diagram for the entire truss. 

390. Stresses in Gable Truss. — Since this truss supports a half 
bay of the rofif, the stre-sses in its members for this loading are just 
half those just found for the intermediate truss and thus may be 
computed from those. 

The P loads of gable wall are supported at apexes of upper chord 
of this truss. These apex loads are as follows: 



Apejt. 



Wall area. Load. 

5 sq.ft. 5 X 13S = ti.i# - 0.033 ton. 

B 40 sq.ft. 40X13#- 520 #= 0.260 ton. 

C SO sq.ft. SO X 13 « = 1040* = 0.520 ton. 

D 120 sq.ft. 120 X i:)« = 1560* = 0. "SO ton. 

E leOsq.ft. ItiO X I3# = 2080* - 1.040ton.s. 

F 190 sq.ft. 190 X 13* = 2470* = 1.2.35 tons. 

Fig- 464 is the P stress diagram for these loads on gable truss. 
These stresses are to be added to the half intermediate stresses to 
obtain the total P stress in each member, as shown in the stress 
sheet. 

391. HorizoDtal Wind Loads on Gable Wall. — These must be 
Bupporteil by a horizontal ceiling truss in the end bay of the roof, 
to \yhich they are transmitted from the verticals of the gable truss, 
whose lower ends are fastened to the ceiling truss, their upper ends 
being attached to the purlins of the roof, producing compression 
therein. A diagonal rod exten<i3 from apex of next intermediate 
truss to outer apex of ceiling truss in vertical plane through the 
purlin. Hence the horizontal component of the tension in this 
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rod = W load at upper end of vertical and is transmitted to apex a 
ceiling truss. Its V component produces a. vertical load at apex < 
intermediate truss, which must lie taken into account, a^ it slight^ 
increases the stresses already found for that truss. These strt 
and components are he^t determined graphically. 
392. Table ol Mnd Loads on Gable. — 



Vertical. 

A 

Bb 

Cc 

Dd 

Ee 

ff 



Wall an 
5 sq. ft. 
40 sq.ft. 
80 sq.ft. 
120 sq. ft. 
160 sq.ft. 
190 sq. ft. 




K, ir load. At ouch end of vert. 

5X3US = 150 # -0.075 ton. 0.03Ston. 

40 X 30* = 1200* = O.liOOton. 0.300 ton. 

SO X 30# = 2400* = 1.200 tons. 0.600 ton. 

120 X 30« = :im>M - 1.800tons. O.WXIton- 

160 X 30* = 4800* = 2.400 tons- 1.200 tons. 

HiO X 30* = 5700* = 2.S50tons. 1.430 tons. 

Fig. 4t»5 is a vertical section> 
tlirough the verticals B b and the two 
purlins, B and b, showing the tliagoiul' 
rod B'b. Laying off 0.30 ton on B'b 
and drawmg a vertical we find 0.30k 
ton = compression in purlin, 0.33 tatt 
= tcnsion in roil, and 0.10 ton = loi 
at apex B' of intermediate truas 
Proceeding in like manner at the i 
maining apexes, the following result^ 
are ohtained by Figs, 465 to 469. 



393. Loads; StresBes in Purlins and Diagtmal Bods.- 



A 
b 



H load. 
0.75 ton. 
0.60 ton. 
1.20 tons. 
1.80 tons. 
2.40 tons. 
2.85 toas. 



Com]). Id purlin 
0.00 ton. 
0.30 ton. 
U.OU ton. 
0.90 ton. 
1.20 tons. 
1.43ton.>?. 



0.00 ton. 
0.33 ton. 
O.Gfi ton. 
1.12 tons. 

I.(i5 tons. 
2.25 tons. 



0.00 ton. 
0.10 ton. 
0.30 ton. 
0.07 ton. 
1.61 tons. 
1 .75 tons. 



394. Stress Diagrams for Horizontal Truss. — ^Ftg. 470 is ti 
truss diagram for ono-half the ceiling truss, the horizontal loads beii 
applied at the lower apexes in the figure. 

Fig. 471 is the corresponding H' stress diagram. 

396. Stress Diagram tor Additional Loads on Second Tmii.' 
Fig. 472 is the stress diagram for the additional loads on the n« 
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intermediate truss, consisting of the V components of stressei? in the 
diagonal rods, Figs, 465 to 469. These are to be added to the stresses 
already fomid for intermediate truss, as in the following stress 
riieet, but omitting the W stresses from wind pressure on roof, since 
the wind cannot act on roof and gable at the same time with the 
maximum pressure. 










,/ 


/ 






/_ 


h 



Fio. 471. 

396. Strflss Sheet for InteimedUta Trass. — 



UintMt. 


P-rtnw. 


S-.tr«.. 


w^^^^. 


W-.tf «. t. 


M.^u™, 


M,.,™. 


X I 


+ 2-0 


+ 1.3 


+ 1.7 


+ 0.0 


+ 5.0 


+ 2,0 


X% 


+ 2.0 


+ 1.3 


+ 12 


+ 0,0 


+ 4.5 


+ 2.0 


X 4 


+ 4-1 


+ 2.7 


- 0,1 


+ 0,7 


7,5 


+ 4.0 


X 6 


- 0.6 


- 4 


- 2.0 


- 0.7 


- 3.0 


- 0,6 


X % 


- 2.0 


- 1.3 


- 2.4 


- 1.4 


- 5.7 


- 2.0 




-1.9 


- 1.3 


- 1.8 


- 0.0 


- 5,0 


- 1,9 




- 3.8 


- 2,-5 


+ 0,7 


- 12 


- 7.5 


- 3,8 




+ 0,6 


+ 0.4 


+ 2,1 


+ 0.2 


+ 3,1 


+ 6 




+ 1.9 


+ 1.3 


+ 1,9 


+ 0,8 


+ 5.1 


- 1,9 




+ 1.9 


+ 1,3 


+ 1.2 


+ 1.2 


+ 4.4 


+ 1,9 




- 1-5 


- 1.0 


- 1,4 


- 0.0 


- 3,9 


+ 15 




- 2-2 


- 1.5 


— 1,1 


- 3 


- 4.8 


- 2.2 




+ 2.0 


+ 1,3 


- 0,3 


+ 10 


+ 4 3 


+ 2.0 







0.0 


- 1 5 


+ 0.7 


- 1.5 


+ 0.7 


9 9' 


0,0 


0.0 





0.0 


0.0 


0.0 




+ 2-4 


+ 1.6 


- 0,8 


+ 0.8 


+ 4.8 


+ 1.6 




- 6.9 


- 4 6 


- 2 2 


- 2 


-13,7 


- fi.9 




- 2.4 


- 16 


+ 3 


- 1 2 


- 5.2 


- 2 1 


8 9 


0,0 


0.0 


+ 1.7 


- 0.9 


+ 1.7 


- 0,9 


DUg. 10 


0.0 





- 2,6 


+ 0.7 


- 2 6 


+ 0.7 


Pom 10 


- 7.5 


- 5,0 


- 2,7 


- 1.8 


-15.2 


- 7.3 


3 10 


- 3.8 


- 2,5 


+ 0.7 


- 12 


- 7,5 


- 3 1 
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397. Stress Shoet tor Intsrmadiats Truss next Oftble Truss.— 



MemlMr. 


P^.. 


5-*trcH. 


«.t™.. 




MH.™„„. 


X 1 


+ 2,0 


+ 1.3 


+ 0,0 


+ 3,3 


+ 2,0 


X 2 


+ 2.0 


+ 1.3 


+ 0,0 


+ 3,3 


+ 2,0 


A- 4 


+ 4.1 


+ 2.7 


+ 0.2 


+ 7.0 


+ 4.1 


X6 


- 0.6 


- OA 


- 2,3 


- 3,3 


- 0.6 


X8 


- 2,0 


- 1.3 


- 3.1 


- 6-4 


- 2.0 


Y 1 


- 1.9 


- 1-3 


- 0-0 


- 3.2 


- 1-9 


V 3 


- 3.8 


- 2.5 


- 0,2 


- 6,5 


- 3.8 


Y 5 


+ 0.6 


+ 0,4 


+ 2,2 


+ 3,2 


- 0.6 


Y 7 


+ 1,9 


+ 1.3 


+ 2.9 


+ 6,1 


+ 19 


Y9 


+ 1,9 


+ 1.3 


+ 2.7 


+ 5,9 


+ 1,9 


1 2 


- 1.5 


- 1,0 


- 0,1 


- 2,6 


- 1.5 


3 4 


- 2.2 


- 2,2 


- 0,4 


- 4,8 


- 2.2 


5 6 


+ 2,0 


+ 1.3 


+ 12 


+ 4.5 


+ 2.0 


7 8 


0.0 


0,0 


- 0,3 


- 0.3 


0.0 


9 9' 


0,0 


0,0 


0,0 


0.0 


0.0 


2 3 


+ 2,4 


+ 1.6 


+ 0,2 


+ 4,2 


+ 2.4 


4 5 


- 6.9 


- 4.6 


- 3,7 


-15.2 


- 6.9 


6 7 


- 2,4 


- 1,6 


- 1,4 


- 5.4 


- 2.4 


8 9 


0,0 


0,0 


+ 0,3 


+ 0.3 


0.0 


Diag. 10 


00 


0.0 


0,0 


0-0 


0.0 


Post 10 


- 7.5 


- 5,0 


0,0 


-12,5 


- 7-5 


3 10 


- 3.8 


- 2 5 


- 0,2 


- 65 


- 3 8 



398. Stress Sheet tor OaUe Truss.— 



m™w. 


.^™. 


S.t™. 


W-nnaW 


r.t™.z.. 


Pimbla. 




«.„■„„». 


X 1 


+ 1.0 


+ 0.7 


+ 0,9 


+ 0-0 


+ 0.2 


+ 2.7 


+ 1.2 


X 2 


+ 1.0 


+ 0.7 


+ 0.6 


+ 


+ 0,2 


+ 2.5 


+ 12 


X 4 


+ 2.1 


+ 1.4 


- 0.1 


+ 0-4 


+ 0-6 


+ 4.6 


+ 2,6 


X 6 


- 0.3 


- 0.2 


- 1,0 


- 0,4 


- 1.8 


- 3.3 


- 2,1 


A' 8 


- 1.0 


- 0.7 


- 1,2 


- 0,7 


- 2.5 


- 5.4 


- 3,5 


Y 1 


- 1,0 


- 0,7 


- 0,9 


0,0 


- 0.2 


- 2,8 


- 1.2 


1- 3 


- 1,9 


- 1.3 


+ 0.4 


- 0,6 


- 0.5 


- 4,3 


- 2-0 


Y 5 


+ 0,3 


+ 0.2 


+ 1-1 


+ O.I 


+ 1.7 


+ 3.3 


+ 2,0 


r 7 


+ 1,0 


+ 0.7 


+ 1,0 


+ 4 


+ 2.3 


+ 5,0 


+ 3,3 


Y 9 


+ 1,0 


+ 0.7 


+ 0,6 


+ 0.6 


+ 2.1 


+ 4,4 


+ 3-1 


1 2 


- 0,8 


- 0.5 


- 0.7 


0,0 


- 0.3 


- 2.3 


- 1.1 
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Unnbcr. 


P-Krtm. 


s.^. 


W-^w 


W-ttrtmL 


P-tM: 


Hulmum 


Ulnimum. 


3 4 


- l.l 


- 1.1 


- 0.6 


- 0,2 


-• 0.7 


- 3-5 


- 1,8 


5 6 


+ 1.0 


+ 0.7 


- 0.2 


+ 0.5 


+ 1.0 


+ 3.2 


- 1-6 


78 


0.0 


0.0 


- 0.8 


+ 0.4 


- 0.3 


- 1.1 


+ 0,1 


9 9' 


0.0 


0.0 


0.0 


0.0 


0,0 


0.0 


0,0 


2 3 


+ 1.2 


+ 0.8 


- 0.4 


+ 0.4 


+ 0,4 


+ 2.8 


+ 1,2 


4 5 


- 3.5 


- 2-3 


- 1,1 


- 1-0 


- 3,4 


-10.3 


- 6.9 


6 7 


- 1.2 


- 0-8 


+ 0.2 


- 0-6 


- 1.2 


- 3.8 


- 2,4 


8 9 


0.0 


0.0 


+ 0,9 


- 0.5 


+ 0.3 


+ 1,2 


- 0,2 


Diag. 10 


0.0 


0,0 


- 1.3 


+ 0.4 


0.0 


- 1,3 


+ 0,4 


Port 10 


- 3.8 


- 2.5 


- 1-4 


- 0.9 


- 3,3 


-11,0 


- 7,1 


3 10 


- 1.9 


- 1,3 


+ 0.4 


- 0,6 


0.0 


- 3-8 


- 1,5 



399. Strvflfl ShfletforCeillivniiss, PurlinauidDiftffonalKodR.- 



Member. 


F-Btreas. 


Purlin. 


Diasonal rod. 


X 2 
X 5 
X 7 
X 9 

Y 1 

Y 3 


+ 0,2 

- 3-6 

- 5.8 

- 6-7 

- 2 

- 0-6 
0-0 

+ 3.5 
+ 5,9 

- 0,7 
0.0 

- 5,6 

- 3,8 

- 2.9 
+ 0,3 
+ 1,0 
+ 6.6 
+ 4.5 
+ 1.7 


A B- - 0.3 
C C - 0.6 
D D' - 0.9 

E E' - 1.2 
F F- - 1.4 


B' b + 0-3 

C c + 0.7 
D' d + 1.1 

E- e + 1.7 
F' / + 2,3 


Y 4 












Y 8 


















5 6 


















1 


















6 7 



















400. Loads ^anmiitted to PostB. — The tot«l horizontal Force 
transmitted to poste supporting each end of the ceiling truss = 0.75+ 

0.6+ 1.2+ 1.8 + 2.4 + -;r- = 8.18 tons. Then the horizontal 
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force acting at the top of each side post from the end of the build- 
8.18 



ing = 



11 



= 0.74 ton. 



The TI' resultant for intermediate truss at H on the windward 
post = 4.90 tons. In Fig. 473, this is resolved into a V component 
of 4.55 tons and an H component of 1.80 tons. Similarly the W 
resultant at K on leeward post = 1.36 tons, which may be resolved 
.... into a V component of 1.26 tons and an H compo- 
nent of 0.50 ton. 

The windward post is subject to a maximum 

bending moment at H, there resisting an H force of 

1.80 tons, which produces a transverse bending 

\ riB-iTt moment of 2 X 4.2 = 8.4 foot-tons, by Fig. 474. 

Of this H component, 0.80 ton is rei<isted at top and 

""' 1.00 ton at bottom of the post. 

101. roundatlons of Ports. — These are assimsed to be massive 

reinforced concrete blocks 2 ft. deep, to which the lower ends 

of the posts are firmly attached, but not anchored. 

402. Foundation for Second Port from Aii^«. — For windward 
footing of post supporting intermediate truss next gable truss. 
Maximum V load = 7.52 + 5.01 + 4.55 + 3.14 = 20.22 tons. 
Maximum H component at // = 1.80 toas. 
Assume 1.50 tons per sq. ft. as the maximum safe compression 
on the soil beneath. 

Assume a footing 5.5 X 3.5 + 2.0 ft.; l!l.25 sq. ft. area; 38.5 
cu. ft. volume; 2.89 tons weight. 

Total V component = 20.22 + 2.8 
The V and H components here 
act at the top and middle of length 
of the footing. Hence determine 
their resultant in Fig. 476, an 
eccentricity of 0.15 ft. between 
middle vertical and resultant 
at bottom of block. Average 
intensity of pressure on soil = 

' =1.20 tons per sq. ft. Maximum intensity of pressure = 

1.20 ( 1 H ~ — 1 = 1.40 tons per sq. ft. These pressures are laid 

ofE in Fig. 475 for comparison and are safe. 



-- 23.11 tons. 
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When the wiml acts on the end of the building instead of its 
roof, the V load on same footing = 7.52 -|- 5.01 + 3.U + 2.89 
= a total of 18.56 tons. The H component then = 0.74 ton. 
Laying these oEf in Fig. 47(3, the eccentricity at bottom of footing 
= 0.08 ft. 



Average intensity of pressure = 



18^ 
19.25 



= 0.966 ton per sq. ft. 



- 1.10 tons 



Maximum intensity of pre-ssure = 0.966 { 1 H ■ " j = 

per sq. ft. Therefore this footing is entirely safe for the intermediate 
columns mth the greatest loads. The footing for the other inter- 
mediate colunms may be a little shorter. 

103. Foundation for Other Kitennedlat« Posts. — Maximum 
V load on footing of same = 20.22 - 3.14 = 17.08 tons. 

Assume footing 5 X 3.5 X 2 ft. Area — 17.5 sq. ft.; volume = 
35 cu. ft.; weight = 5250 lbs. = 2.63 tons. 

Total V component = 17,08 + 2.63 = 19.71 tons. H compo- 
nent = 1.80 tons. By Fig. 477, eccentricity = 0.18. 

Average intensity of pressure = 
19.71 
17.5 '' 

Maximum intensity of pressure 

= 1.126(l +^-^-) = 1.369 tons 

per sq. ft. 

When the wind acts on the end 
only of the building, V component = 
tons, B component = 0.74 ton as before. 
By Fig. 478, eccentricity = 0,12 ft, 

15,16 
'' 17,50 ' 



- = 1.126 tons per sq. ft. 




FlK,4i; 

= 7.52 + 5,01 + 2.6; 



Average intensity of pressure : 



Maximum intensity of pressure = 0.967 (l + - 



= 0,967 ton per sq. ft. 
6X0.12\ 



3.5 



-) 



-■ 1.117 



.tons per «]. ft. Hence these footings for intermediate columns are 
entirely safe. 

104. Foundation for Angle Post, — Corner column on windward 
side of building. 

.1 (11 a- d ?,?, 

■■ 11.79 tons. 
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loDgleaf pine sheathing, steel rafters, purlins, and trusses; trusses 
100 ft. span, 20 ft. rise, and 16 ft. on centres; reenforeed concrete 
footii^ for steel posts, which are braced to lower chord inside and 
to steel plate sidewise at mid-height A ; end posts support ends of 




purlins at top and are attached to ceiling truss at crossing; wind 
pressure acting on post is entirely supported by ceiling truss and 
footii^; wind pressure 30 lbs. per vertical sq. ft.; location at Balti- 
more, Md. 

407. Dbnonalons. — 21.8" = inclination of roof. 

V 12.5* + 5* = V 181.25 = 13.46 = inclined panel length. 
13.46 X 16.00 = 215.36 = apex and purlin area. 

20 X 16 = 320 sq. ft. = area of one bay of side wall. 

408. ^ex Loads. — 

Truss = 4.794 lbs. per horizontal sq. ft. as before. 

Snow = 2.5 (40" — 35°) = 10 lbs. per horizontal sq. ft. 

Wind = 14.53 lbs. per inclined sq. ft. of roof. 

Wind = 30 lbs. per vertical sq. ft. of wall. 
P = 215.36 (6+4+4+3-1-4.794 cos 21.8") = 4619 lbs. =2.310 tons. 
S = 215.36(10 008 21.8") = 2085 lbs. = 1.043 tons. 
W^ 215.36 X 14.53 = 3129 lbs. = 1.565 tons. 
W (for wall) = 320 X 30 = 9600 lbs., = 4.800 tons. 

409. Loads on Half Trusa. — 
Permanent = 2.310 X 3.5 = 8.09 tons. 

Snow = 1.043 X 3.5 = 3.65 tons. 

Wind = 1.565 X 4.0 = 6.26 tons for roof. 

Wind = 4.800 X 0.5 = 2.40 tons at top of column. 
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410. stress Diagrams for Iiitennedlat« Truss.— Fig. 484 is the 
P stress diagram for an intermediate truss. Snow stresses may be 
found by the proportion: 2.310 : 1.043 : : P stress : S stress in the 
same member. 

Fig. 485 is the H^ stress diagram for the same truss, but it is drawn 
at twice the scale of Fig. 484 to clearly show the stresses in the lee- 
ward members. 
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411. Strosses In Oable Truss. — For the gable end truss, the 
P and 5 loads at B, C, D, E, etc., can rest directly on the tops of the 
end posts, then being directly transferred to the footings; the IF 
loads alone are supported by the truss and are transmitted to the 
comer posts by the trus.s. The W stresses in members of the gable 
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Wall area. 


/' Iliad. 


W load. 


I32.SBq. ft. 


C).S<53 ton. 


1.992 tons 


312.5 " 


2.U31 tons. 


4.(i8.'S " 


375.0 " 


2,43S '■ 


.■|.(i25 " 


437..-. ■' 


2.844 " 


(■...5(13 " 


471.3 " 


H.m4 " 


7.070 " 


320.U " 


2.0M0 •■ 


4.S00 " 



truss are just half those for the intermediate tru3s. The P weights 
of the waits are directly supported ljy the posts and their footings. 

412. Loads on Gable Posts. — 

Post. 

AM 

HL 

CM 

I}\ 

EO 

Inl. 

The P weight of the wall is taken at 13 lbs. per sq. ft. of vertical 
area. The centre of the wind prew.sure on the portion of the wall 
supported by a post may lie taken approxmiately at its mid-height, 
as indicated in Fig. 482, cxcejit for the post E 0. The upper end of 
the post may be supported against the horizontal wind pressure in 
either of two ways. 

<13. Sunwrt of Loads oq Post. — 1. As in Example 8, the upper 
end of the post joins the purlin, a rod extending from the correspond- 
ing apex of the next trus-s diagonally in the end bay to the outer edge 
of the ceiling truss in end bay. Then half the W load on the post 
is resisted by the ceiling truss and half directly by the footing, except 
for middle post E 0, where less than half is resi3t«<l by the ceiling 
tru^ at e. 

ill. Connection of Post and Ceiling Truss. — 2. The posts may 
be directly attaf.'he<i to the ccilinK trus^ at its outer edge, the upper 
part of the post then formbig a cunliiever. This shows a much 
larger proportion of the W loads on the ceiling truss and eventually 
on the side posts, but it omits the com]>ression in the purlins and also 
the diagonal rods, .so that it is probably just as economical in practice. 
For sake of variety, the second method will be applied in this example. 
The W load on a gable end post is divided between the ceiling truss 
and the footing inversely as the centre of gravity of the W pressure 
area on post divides the clear height of the post, which is here uni- 
formly 20 ft. 

41B. Distribution ol Wind Loads on Posts. — 

Post. Total W load. At ueiliag trusa. At footing. 

A H 1.992 tons. 0.99G ton. 0.996 ton. 

B L 4.6S8 " 2.953 tons. 1.735 tons. 

CM 5.625 " 4.275 " 1.350 " 

DN 6.563 " 5.743 " 0.820 ton. 

EO 7.070 " 6.()40 " 0.424 " 
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416. 8tr«M nacnm for CaiUiig T^iih. — This airangemrat 
|RX)duces a W load of 17.29 tona on <Hie-haIf the ceUing truss, or 
17.29 
—T- — = 1.572 tons OD each aide post at its top. 

Ilg. 486 is the half diagram of the ceiling truss in end bay. 
I^. 487 is half the wind stress diagram for the same. 



417. 








Mtaba. 


P-_ 


»— 


,^^w. 


.^u 




MiBlnm. 


X 1 


-21.7 


- 9.8 


-14,2 


- 2,0 


-45.7 


-21,7 


if 3 


-18.8 


- 8.5 


- 9.5 


- 3.9 


-36.8 


-18-8 


Xh 


-13.8 


- 7 1 


- 6 8 


- 4.5 


-29.7 


-15,8 


X 7 


-12.6 


- 5.7 


- 4 7 


- 5,0 


-23,3 


-12.6 


Y I 


+20.2 


+ 9.1 


+ 10,5 


+ 1.9 


+39.8 


+20.3 


r 2 


+20,2 


+ 9.1 


+ 13,5 


+ 0.1 


+42.8 


+20-2 


K4 


+ 17.4 


+ 7.9 


+ 8,5 


+ 1,9 


+33-8 


+17.4 


re 


+ 14.6 


+ 6.6 


+ 5,5 


+ 2,4 


+26-7 


+14.6 


1 2 


0.0 


0.0 


+ 2,4 


+ 1.4 


+ 2.4 


+ 1.* 


3 4 


+ l.I 


+ 0,5 


+ 2,0 


+ 0,7 


+ 3.6 


+ 1-1 


fi 6 


+ 2,3 


+ I.O 


+ 2,5 


+ 0.5 


+ 5.8 


+ 2.2 


7 7' 


+ 7.0 


+ 3.2 


+ 2,9 


+ 2.9 


+ 13-1 


+ 7-0 


2 3 


- 3.0 


- 1,4 


- 5.4 


- 2,0 


- 9.8 


- 3 


4 5 


- 3.6 


- 1,6 


- 3.9 


- 0-7 


- 9,1 


- 3,6 


6 7 


- 4,6 


- 2-1 


- 4,1 


- 6 


-10-8 


- 4-6 


Post 


0.0 


0,0 


- 8,0 


- 0,8 


- 6.0 


- 0,8 


DiaR. 


0.0 


0,0 


+ 3.8 


+ 2.3 


+ 3.8 


+ 3,8 



418. Stress Sheet tor Cailinff Truss.— 



ember. 


W stress. 


Member. 


W stress. 


Member. 


ff stress 


X2 


- 12.7 


y 7 


+ 32.7 


2 3 


+ 16.8 


Xi 


- 23.0 


12 


- 16.2 


4 5 


+ 11.5 


X6 


- 30.2 


34 


- 13.2 


6 7 


+ 4.1 


Y 1 


+ 12.7 


50 


- 9.0 






YZ 


+ 23.0 


7 7' 


- 6.7 






Yi 


+ 30.2 


XI 


+ 20.7 







419. Bending Moments on Posts.— According to Fig, 4Sr, the 
incUned wind reaction at (? = 4.70 tons. Its Y component = 3.63 
tons and its H component = 3,00 tons, which produces the maximum 
bending moment acting on the sicie post from the side. Hence 

Q An V 20 
Af.„,atC - . = 15.00 ft.-tona. 
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420. BSddle End Port ■ O (Fig. 488).— The vertical EO repre- 
sents the axis of the post, the portion E o not being loaded by W 
pressure. e = 20 ft. The post is supported at the footing 
and at e, the outer chord of the ceiling truss. Hence the part 
Ee is & cantilever post. The height of the post between floor and 





ceiling is divided into 4 equal parts of 5 ft. each in height, on which 
the W load = 0.938 ton each. There are 3 sunilar divisions and loads 
above the ceiling truss, together with a fractional portion of 4 ft. 
and 0.750 ton at top. Each load is here assumed to act horizontally 
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'hrriiitSi 1'-' 3iifi— Ju'ieB':- TV^ jioit iae i i is 'iiawa borizont&lly 
'r.fi'uC'- '. aaiT 'ei* -"iiyT^r^-r" j^m:? ai* iaiti ■:^ rnjin i to A- Drawing 
zr:i>- T*rrir»i z P" = -;..>j v.o. f'iT ■^■impf. P* is rix poJe for the force 
prAyt^'.T. '-jC 'Tjf- '^aariii'V'^ £ -, i.--r w^-a ihe ■^tjaiiinrnnn polygon o c 
a/i>i t.^.e -r*^,r,«i-; -cf!ar je- 1/ are raea inwa. rwKJimiiig at o ud 
ifir:^i!itE :r.i^ C'.in- c ■:■£ i.i htjfizn-dt&I - i. Joia f f lod through the 
ciiifii*^ [yjiii; v oi thf: j-.-oii line /9. f-jr tie pi^raon <0 uS the post, 
draw : f^' panil*^! 'o '> ^- Tlie eqimrrtsm polygoo O c and iitepped 
sh*Ar lir^ / ; i.-^ :h»^ti -irawn. Drop th«? v«Ti>!al P" A through P" 
and IT fj*^>tni=?- 'x^. -b?ar *"< /j i:•^in^ the ^e&r = rcactuHi at t, 
and h q = H aX 0. Tte marimian linear an-i maximum bending 
m/^>rn«nt *vid«iti>- both ort?^ir at ^. th*? bner = pote dt^tance P* o X 
inf^fp^t < c = -5.0O T-X "J-'J) ft. = 9) n.-tott-. Maximum shear = 
3.J5 t'^rfi.-'. Tii*r true ^luiiibri^iaa curve for the uniform load may be 
drawn tao^nt at the mid<ll>^ point oi each dirtaon and the 
Httraight shf^r line a.- In Fig. 4S8. but theee do not change the 
valu';» of maximum moment and shear at f. and this is then un- 
nf!^e«rtar>', 

421. Poat D v. — The same method b then applied to the post 
O .V in Ftg. 489, obtainii^ m*Timiim shear »X d = 2.80 tons and 
maximum bending moment there = 5.00 X 4.1 ft. = 20.50 ft.- 
ti'fnH. 




I 



422. Port C M. — For post C 3f in Fig. 490, maximum shear = 
2,-10 toiw uiid iriaxitnum bending moment = 5.00 X 1.9 ft. = 9.50 
ft.-toiiM, lioUi ut c. 
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<23. Post BL. — For post B L in Fig. 491, maximum shear = 
1,96 tons and maximum bending moment = 5.00 X 0.5 = 2.50 
ft.-tons, both at B. 

424. Reinforced Concrete Footings of Poits. — 

426. Intermediate Side Post. — 

Vertical load = 9.24 + 4.17 + 2.08 + 3.62 = 19.11 tons from 
side. 

H component from side = 3.00 + 4.80 = 7.80 tons. 

H component from end = 1.57 tons. 

Assume a footing block 8 X 3 X 2 ft. deep; area = 24 sq. ft.; 
volume = 48 cu. ft.; weight = 7200 lbs. = 3.60 tons. 

Total V component = 19.11 + 3.60 = 22.71 tons from side. 

H component = 7.80 tons from side. 

By Fig. 492, eccentricity of resultant = 0.68 ft. 
22.71 



Average intensity of pressure on soil = 



24 



= 0.948 ton per sq.ft. 



/ , 6x0.6f 



Maximum intensity of pressure = 0.948 1 1 + 
tons per sq. ft. 

Total V component = 22.71 - 3.62 = 19.09 tons from end. 

H component = 1.57 tons from end. 

By Fig. 493, eccentricity of resultant = 0.16 ft. 



Average intensity of pressure on soil = 



= 0.796 ton per sq. ft. 



tons per sq. ft. 




Neglecting resistance to slidii^ on the soil beneath, the resistance 
of soil to sliding of the block endmse by the horizontal component = 
6 X 1.50 = 9.00 tons, while the H component only = 7.80 tons. 
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Therefore this footing block of reinforced cmicrete is safe for the 

intermediate colunms. 

436. TooOngt of Antf • Poit (Fig. 4S2}.— 

19 II 
r load from side only = — 5— = 9.56 tons. 

I' load from end only = 0.86 too. 
Total r load = 10.42 tons. 
A.ssume footing 5 1 2 X 3 X 2ft.; area = 16.5 sq.ft.; volume = 
33 cu. ft-; weight = 2.63 tons. 

r component = 10.42 + 2.63 = 13.05 tons from dde. 

H component = -^ = 3.90 tons fr»Hn ade. 
By Fig. 4ft4, eccentricity of resultant = 0.60 ft. 

13.05 

17.5 



Maximum intensity of pressure on soil =0.746 (l + — "-"":r — 1 



=0.746 (; 
1.234 T. 

V c«mp<jnent = 8.61 -f 2.63 = 11.24 tons from end. 
// component = I.OO ton from end. 



17.5 




By Fig. 495, eccentricity of resultant = 0.20 ft. 

Maximum intensity of pres3ure=0.643 ( 1 -\ r-^ — J =0.90T. 

per Hfj. ft. 

427, Port B L {Fig. 482).— 

AsHume footing 4 X 1-5 X 1.5 ft.; area = 6.00 sq. ft.: volume" 
9,00 cu. ft.; weight = 0.675 ton. 
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H component = 1.74 tons. 

By Fig. 496, eccentricity of resultant = 0.5S ft. 

Average intensity = r^ = 0.732 ton. 

Maximum intensity = 0.732 ( 1 + :' ) = 1.368 tons per 

.ft. 

42S. Post C M (Pig. 482).— 

Assume footii^ 4 X 1.5 X 1.5 as before; area = 6.00 sq. ft.; 
lume = 9.00 cu. ft. ; weight = 0.675 ton. 



H component = 1.35 tons. 
By Fig. 497, eccentricity = 0.45 ft. 
4.79 




0.798 tons per sq. ft. 



Maximum intensity = 0.798 (iH — -^ — J =1.34 tons per sq.ft. 

429. Post D N (Fig. 482).— 

2.310 1.043 
V component = —^ + — + 2.844 + 0.675 = 5.20 tons. 

By Fig. 498, eccentricity = 0.25 ft. 

5.20 
Average mtensity t-jt^ = 0.867 ton per sq. ft. 

Maximum intensity = 0.867 flH — ^ — J = 1,191 tons per sq. ft. 

430. Post B (Fig. 482).— 
Z.310 l.fr 

2 ■•■ 2 
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By Fig. 499, eccentricity - 0.13 ft. 

5.42 
Average intensity = r-jrr = 0.904 tons per sq. ft. 

Maximum intensity = 0.904 (iH r-^ — j = 1.084 tons per sq. ft. 

The examples studied in this chapter show clearly the necessity 
for carefully determining the stability of the entire structure, as 
well as that of the roof. 
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CHAPTER IX 

SAFE STRENGTH OF MATERIAIS 

431. Sinq)Mcation of Formulas, Data, and Computations. — Lung 
experieoce in the study and application of the formulas and tlata 
comprised in this chapter has clearly shown: 

1. That the usual formulas for strength of materials may be put 
into simpler and more convenient forms for practical use. 

2. That the necessary computations are greatly abbreviated by 
some changes in notation and coefficients. 

These improvements consist in taking the loads and coefficients 
of strength in net tons instead of in lbs.; bending moments in foot- 
tons instead of inch-lbs.; lengths in feet instead of inches, and dis- 
tances between centres of beams and purlins in feet instead of inches- 
Sectional dimensions and distances between centres of rafters and 
joists are always taken in inches. 

432. Notation Employed. — 

Let W = load in tons producing the stress. 

.4 = effective area of cross-section in square inches, 

P = stress in tons per square inch of cross-section. 

L = length of member or beam in feet. 

b = breadth of a rectangular cross-section in inches. 

d = depth of a rectangular cross-section in inches, 

d = diameter of circular cross-section in inches. 

/ = moment of inertia of cross-section about a horizontal 

gravity axis, 
c = distance in inches from this axis to most distant fibre of 

section. 
c' = same distance to top fibre. 
c" = same distance to bottom fibre. 



- section modulus of c 



Bo = radi 
fl, = radi 
Rt = 



ius of g}-ration for any axis of section, 
us of gyration for a horizontal axis. 
us of gyration for a vertical axis. 
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T = maximum safe tension in tons per square inch. 
S = maximum safe cross shear in tons per square inch, 
S' = maximum safe shear with fibres in tons per square inch. 
C = maximum safe compression in tons per square inch. 
C = maximum safe compression across fibres in tons per 

square inch. 
E = modulus of elasticity in tons. 
F = modulus of rupture in tons per square inch. 
A = actual maximum deflection in inches. 
t = thickneR.s of wooden sheathing or flooring. 
e = distance in inches between centres of rafters or joists. 
w = load in lbs, per square foot on roofs, floors, etc, 
M — maximum bending moment in foot-tons acting at any 
point. 
Additional notations will be used when required for special formulas. 
133. Values of Coeffidsnta of Strength. — The values of the 
coefficients T, S, S', C, C, E, and F given in the following table are 
fair averages based on results of numberless experiments made by 
many investigators and on the requirements of building ordinances 
of many cities. They apply to materials of good quality, such as 
would be passed by any competent inspector or superintendent. It 
is impossible to give a series of coefficients satisfying all building 
ordinances, since these varj' greatly from each other. 

431. Neglect of Deflection. — It is rather singular that no city 
building ordinance, known to the author, requires consideration of the 
deflection of a beam or girder, although a long beam may ssfely 
resist breaking and yet may deflect enough to become unsightly and 
to crack any plastering supported by it. Therefore in the formulas 
here given for safe resbtance to bending, the maximum permissible 
deflection in inches is taken at 3/100 of the length in feet, a value 
commonly employed in practice (40), 



136. Table of Coeffidents for 


Materials.- 


- 






M.t^^. 


r. 




S', 


c. 


C, 


£. 


'■ 


Birch 


.50 
,40 

.50 

.50 


.40 
,30 
.35 
,40 
.40 


.10 
,05 
.07 
.05 
.10 


,60 
.55 
.60 
.55 
.60 


.20 
.10 
,125 
.10 
.15 


700. 
450. 
500. 
550. 
600. 


.55 


Chestnut 


.50 
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lington 

ught 

igar 

rage 

te. 

rway 

4 

rtleaf 

te 

ellow 

led 

Tttision. — For simple tension, the resultaat of the longitu- 
reas in a member is assumed to coincide with its longitudinal 
axis. Hence the tensile stress has a uniform intensity over 

ire effective cross-section. Holes for rivets, adding — inch 

eter of rivet to allow for injury to metal by punchii^, must 
icted from cross-section to obtain net or effective area of 

^ jn::: ^ 

^ ^ 

Fir., sm. 

n W = A T = niaxiniuiii safe resistance in tons to ten- 
(41) 

; = minimum safe net area in sq. in. for section. . . (42) 
= — T- for round rods, 
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n safe resistance in tons. (43) 

mum safe diameter in inches. (44) 

d = 0.4V W = minimara safe diameter of a steel rod. . (45) 
The last two formulas are only applicable to steel rods with upset 
or enlarged ends for nuts, since otherwise a deduction must be made 
for loss of sectional area and strength bycutting screw threads on end. 
437. Shear, TransTorse. — Transverse shear occurs in all ma- 
terials; longitudinal shear only in wooden timbers parallel to the 
fibres. Both are assumed to be uniformly distributed over the cDtire 
section exposed to shearing. But this is not actually the case, for 
on the cross-section of a rectangular beam, the maximum intennty 
of the transverse shear is found at the middle of its depth and = 

1-T- times the average intensity. 

fig. 501 illustrates the distribution of 
the longitudinal stress over the cross- 
section abed ot a beam, where the max- 
imum compression is - found in the top 
fibres and maximum tension in the bottom, 
both uniformly diminishing to in the plane 
fikJOI " F>g.s(s " of the neutral axis N A of cross-secUoQ. 
Fig. 502 shows the corresponding distribution of the transverse 
shear over the same section, here being enclosed within the parabola 
af c, with a maximum intensity at A' ^ and shear at top and 

2 
bottom of the section. Here a e = — JV / = aver^^ shear. 

Since the maximum intensity of shear occurs at the same place as 

zero longitudinal stress, it is safe to assume uniform distribuUon of 

the transverse shear. 

Then W — A S = maximum safe transverse shear in tons. ,(46) 

W 
A = -^ = minimum safe sectional area in square inche8.(47) 

For a steel rod: 

W = —. — = 0.7854d'S = maximumsafe resistance in tons. (48) 

W 
A = — = minimum safe sectional area of rod. . . . (49) 

d = 0.4605 V W = minimum safe diameter of rod. . . (50) 
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436. Shtar, Loii£ttudiiul.~OccuTs only in wooden timbers 

parallel to the fibres. It is also assumed to be uniformly distributed. 

Then W = A S' = piaximum safe shear in tons. . (51) 

W . . 

A = -^ = minimum safe area in square inches. . . . (52) 

439. Ccnnpression In Short Struts (Fig. 503). — Short members 
in compression lengthwise, whose lengths do not exceed 5 times their 
least diameter or side of cross-section. Formulas are similar to 
those given for tension. 






FiQ. 603. 
Then W = AC = maximum safe compresaioa in tons. , (53) 

W 
A = -T7 = minimum safe sectional area in square inches. (54) 

For steel rods or cylinders : 

W = 0.787 (PC = maximum safe compression in tons. . (55) 

d = 1.128 J^ = minimum safe diameter in inches. . . (56) 

Members with lengths exceeding 5 times their least diameter of 
side are usually subject to both compression and flexure, their safe 
stren^h beii^ proportionately diminished. 

440. Tonnulas tor Coluxcms and Posts.^ — The following straight 
line formulas are now commonly employed in practice, are safe 
within ordinary limits, and are far more convenient for use than the 
complex formulas of Euler, Hodgkinson, Rankine, Gordon, Ritter, etc. 

For steel columns or posts: 

P = 8.00 — 0.42 -r-^ = maximum safe resistance in tons per sq. 

inch (57) 

P must not exceed 7.00 tons according to Chicago ordinance. (58) 
R" is the least radius of gyration of cross-section of column. 
For steel columns filled and encased with concrete: 

= maximum safe resistance in tons per sq. 
(59) 
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TbB is pennitted by the Chicago wdinsDce. 
For wrought iroo columns and posts: 

/*» 6.00—0^^= maximuin safe reststanre ID tons per sq. inch. (60) 

For cast iron columns, posts, or pilastos: 
f-S-OO— 0.34 ^ = maximum safe resistance in tons per sq. inch. (6l) 

For woofk-n columnif or posts: 

P'"C( 1—0. 1.T-^) = maximum safe resistance in tons per sq. in. (62) 

Take the value of C from the preceding Table of Co^cients. 
1 
2' 

441. Uses of t2i« Procsding rormulu. — ^These formulas likewise 
apply to straight principah; and struts of roof trusses, subject only 
to longitudinal compression and not required to support transverse 
loads at the same time. Curved truss members in compressi<Hi 
and those supporting purlins, etc., will be treated later under Com- 
pound Stresses. 

442. Compretsion of Timberi acrou Hbrei. — Formulas are 
similar to those already given. 

W = AC = maximum safe compression in tons. , (63) 

W 
A = j^, = minimum safe area in square inches. . . . (54) 

443. TransverM Loads on Beams, etc. (Figs. 504, 503, 506).— 
The meraljer is cither horizontal like a joist, beam, or purlin, or 

it may be inclined like a rafter or principal. In either case both 
ends are supported and it supports a loading arranged in various 
ways, either acting vertically or inclined to a vertical. It is simplest 
and generally advisable in practice to regard the member as cut at each 
end support, even if it does extend continuously over several spans. 

444. Requirements tor Safety. — A member supporting a trans- 
verse loading must always be safe from any danger of breaking near 
the middle of its span, and also from too great a deflection there, 
sufficient to crack plastering or to be unsightly. Hence two differeat 
and independent series of formulas are required, both of which must 
be applied in any given problem. 
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In the formulas for safety aguost breaking, the coefficient F in 
the table = maximum safe fibre stress in tons per square inch = 
compression or tension in the fibres most distant from the neutral 
axb of the cross-section. 

146. Maximum Safe Deflectlim. — In the formulas for safety 
against bending too much, the maximum permissible deflection b 

taken at its ordinary value of tttt L in inches. 

The formulas here given are for three general cases, according to 
the arrangement of the loading on the member, supported at each 
end. They are derived from the general formulas usually given in 
the text-books, but are simplified in accordance with the notation 
at the beginning of this chapter. Both the formulas for breaking 
and bending must be applied to any problem, and the safest result 
is to be taken. 

446. Case 1. — Load concentrated at middle of the span, 

a. Breaking: 

— = — i; — = minimum safe section modulus. . . (65) 
C F ^ ' 

Fl 

W = - " maximum safe load in tons (66) 

F I 
L = . = maximum safe length in feet. (67) 

h. Ben<ling: 

/ = — — p"^" ~ minimum moment of inertia of section. (68) 

^y ^' 



(70) 

447. Sinq)llfied Formulas tor Steel. — These formulas may be 
further simplified for any particular material. For example, for 
rolled steel shapes, substituting 8.00 for F and 14500 for E and 
simplifying, the following formulas are obtained: 

a. Breaking: 
— = — - — = 0.375 WL = minimum safe section modulus. . (71) 
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8/ / 

W - =-7— = 2.667 ;— = nuudmom safe 



HI 
3 Be 



: 2.667 X 



|C..» 
in toBB. . (72) 

lorn safe lef«Ui in feeC . . (73) 



6. Bending: 

/ = 0.074.5 TT L* := minimuin safe iDontent of ioeitia ol sectioa. (74) 

H' = 13.426 7T = maximiim safe load in Unas (75) 



* ■^ rp ~ maTimiim safe lei^b in feet. . 



•.OOT. 


-• 




r\ ^ 


i ^/'^i 


L----"" 





(76) 



Values of sectitxi modulus 
] and moment of inntia are given 
in Cambria and Cam^ie, mak- 
ing it very easy to select the 
required shapes. 

U& Eiain|ils.~For ezami^, 
Fig. 504 represents a manba 
15 ft. in clear sfnn, loaded at the 
middle of span with 6 tons. 



/ = 0.745 X 6 X 15' = 100.6, reqmring 2, 8" 18 * I-beams. 
Therefore, as the safest, 2, 9" 21 # I-beams are to be used. 
But a transverse shear of 3 tons occurs at each side of the middle 
3-00 
*6.00" 



of the beam, requiring - 



= 0.50 sq. in. to resist shear. Then 



-^- = 0.0556 in. = thickness of thin rectangular area of section 
fur rcHiKting shear, taken from section at middle of beam. For 



tructing this from the tabular value of — , 18.9 - 0.68 = 18.22, 

wlii(!h still exceeds the required value of 16.88 obtained by the 
formula. Hence the two I-beams are entirely safe against breaking 
and whear, acting together. 
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2FI 
L = T-=- = maximum safe length in feet. . . . (79) 
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449. Casfl 2. Load Unttonn ovor Zntlre Span. — 

a. Breaking: 

— = „ = minimum safe section modulus. . (77) 

2FI 
W = ■^Y~ = maximum safe load in tons (78) 

2FI _ 
ZWc 

b. Bending: 

675 TFii* 
/ = ■■ ■ -; — = minimumsafemomentof inertia of section. . (80) 

EI 

W = „.,, -7T ■= maximum safe load in tons (81) 

675 L 

L = .0385 ^1 ^^ = maximum safe lei^h in feet. . . (82) 

450. HtmpHflftH Fonnulas tor Steal Beama. — These general 
formulas may also be simplified for steel as follows: 

a. Breaking: 
_/; 3WL 
C 



- = minimum safe section modulus (S3) 



H' = . ■■ maximum safe load in tons (84) 

L = = maximum safe length in feet (85) 

b. Bending: 
/ = .0466 W L' = minimum safe moment of inertia of section. (86) 

W= 21.481 jj = maximum safe load in tons (87) 

L = 4.635 ■* 1 [|7 = maximum safe length jn feet (88) 

4S1. Ezainpla> — Fig. 505 exhibits a uniform load of 6 tons on a 
beam 15 ft. span. The moment and shear diagrams are given in 

the figure. Applying the formulas just given for — and for / : 

/ 3 X 6 X 15 
— = — — ~ = 16.9. Hence 2, 7" 15 # I-beams arc required. 

/ = 0.0466 X 6 X 15* = 62.9. Hence 2, 7" 15 # I-beams are 
required. 
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These beams will suffice for both breaking and bending, and the 
shear may be neglected, since no shear occurs at the same point as 
the maximum bending moment. 




452. Sttiqdified V<»mulai tor Joists, Raftws, etc. — If the 

preceding general formulas for Case 2 are to be applied to joists or 
rafters, they may be changed to a more convenient general 
form. 

Let e = distance between centres of joists or rafters in inches. 

w = sum of live and dead loads in lbs. per square foot of floor. 

a. Breaking: 

L= ^ e « 
c 16000/' 
16000 F/ 



= minimum safe section modulus. . 



U ec 
IGOOOf / 



: maximum safe load in lbs- per sq. ft, . . (90) 
^ maximum safe distance on centres in inches. (9!) 



\we 



■■ maximum safe length in feet. , 



(92) 



b. Bending; 



u- — ~^Tj = maximum safe load in lbs. per square foot. (94) 

3.5.50 E/ . , ,. . . ^ ,„., 

e = ■ ■ ,, = maximum safe distance on centres in mches. (9o) 

L = 3.29^1 — = maximum safe length in feet. . . . (96) 
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463. Siii:4)llfifld 7ormiilaB for Stflfll Joisti or Baftflrs. — The last 
geaeral formulas may also be simplified for steel Joists or rafters in 
the following form: 

a. Breaking: 

— = 128O00 " n"™'™"™ section modulus (97) 

128000/ 
v> = —j^ = maximum safe load in lbs. per square foot. (98) 

128000 / 
e = — ^^ = maximum safe distance on centres in inches. (99) 

L = 357.8 ^( — — = maximum safe length in feet. (100) 

b. Bending; 



515556 
515556 / 



maximum safe load in lbs. per sq. ft. (102) 



L = 80.185 . 1 — = maximum safe length in feet. . (104) 

464. Slnqdifled 7oimulaa fen* Wood«n Floraliig or Shmtbing. — 

The general formulas for this case may also be simplified for wooden 
flooring or sheathing, to determine its thickness, maximum safe 
load, or distance in feet between centres of supporting beams, rafters, 
or joists. 

a. Breaking: 

( = ■zT-r *l-p; = least safe thickness in inches (105) 

61. D \ P 

w = 2667 -jY = maximum safe load in lbs. per sq. ft. . (106) 

L = 51.6 ( -I — = maximum safe length in feet. . . . (107) 
6. Bending; 

= minimum safe thickness in inches. . (108) 



IM\ E 



E 
v> = 2.96 ~fY ~ maximum safe load in lbs. per sq. ft. . (109) 
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L = 1,44 '»/"' = maximum safe length in feet. . . (110) 

4DS. Case 3. Loading Arranged in any Manner. — Fig. 500 
shows such a beam loaded in an irregular manner. 

The maximum value of the bending moment M in foot-tons 
occurring at any point in the length of the he&m is to be first found, 
either graphically, a^ in the figure, or by computation. 

a. Breaking: 

Then — = — =— = minimum section modulus (Ill) 

c F ' 

FI 
M = -^ = maximum safe bending moment in foot-tons. (112) 

6. Bending: 

No formulas exist that are directly applicable to any case of 
irregular loading. But two series of formulas give the limiting 
values corresponding to a load concentrated at the middle, as in 
Case 1, and to a uniform load, as in Case 2. The actual values are 
then to be taken within these limiting values, according as the 
arrangement of the loading approximates to a concentrated or a 
uniform load. 

486. Limiting Formulas for Deflection. — 1. Loading concentrated 
at middle of span: 

/ = =; = minimum moment of inertia of section. . (113) 

EI 
M = T^^jTj = maximum safe bending moment in ft.-tons. (114) 

EI 
L = } „-^ „ = maxinmm .safe length in feet (Ufi) 

2. Loading uniformly distributed over span: 

/ = ■ — -p = minimum safe moment of inertia of section. (116) 

M = -^ -y = maximum safe l>ending moment in ft.-tons. . (117) 



In any practical case it is welt to use the safest value obtained by 
le of these limit formulas for bending. 



f 


^^ 
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457. Sin^lifled Fonnulaa lor Steel Beams.— The formu 


m for 


Case 3 may likewise be simplified for application to roiIe( 


steel 


shapes, as before suggested. 




a. Breaking: 
— = 1.5 M = minimuni safe section modulus 




(119) 


M = --- ■ maximum safe bending moment in ft. -tons. . 


1121)) 


b. Bending. 




1. Load cuneentratetl at mid<lie of span: 




/ = .2979 M L = minimum safe moment of inertia of section. 


(121) 


M = 3.356 -J = maximum safe tieuding moment in footr-tons. 


(122) 


L = 3.356 — = maximum safe length in feet 


(123) 






/ = .3724 M L ^ minimum safe moment of inertia of section. 


(124) 


M = 2.685 -r- = maximum safe bending moment in ft. -tons. 


(125) 


L = 2.G8.j-r7 = maximum safe length in feet 


(126) 


168. Exaii«>le.— Fig. 506 exhibits an irregularly loaded 


beam 


supporting concentrate<l loads of 2 and 3 tons with a partial uniform ■ 


load of 3 tons. Here M = 13.25 foot-tons and is found just above | 


the intersection of shear line and shear axis. 


■ 


o. Breaking: 


M 


/ 12 Af 12X13.25 

c F 8 '^■***' 


J 


6. Bending. 




1. Loading concentrated: 


^^^^H 


, 4320 TtfL 4320X13.25X15 _„ 
^ E 14500 ^''■^■ 


■ 


2. Loading uniform: 




5400 M L 5400 X 13.25 X 1 5 „ 
' ~ E ~ 14500 " '■*"■ 


^ 


For breaking: 2, 7" 15 * I-beams are sufficient. 




For bending: 2, 7" 15 « I-beams suffice for concentrated load. ■ 


For bending: 2, 7" 17^* I-beams suffice for uniform load. | 


Hence it will be safest to use 2, n\i « I-beams. 


d 



t 
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In applying the formulas of Caees 1, 2, aiid 3, labor and time will 1 
be saved ami errors avoided by using a good table of four-place I 
logarithms. Huntmgton's Four Place Tables are very convenient | 
and sufficiently accurate. 




469. Compound StressoB. — Stresses of different kinds frequently 
act on a .strui;tiiral member at the same time. A single formula may 
sometimes be detluced to provide for all these stresses in dimensioning 
the member, but generally a separate formula is to be applied for 
each stress, combining their results in determining the final dimen- 
sions of the section of the member. 

460. Tr&Qgverse Shear and Bending Moment.— This always 
occurs in a loaded beam, anil the section required by the beading 
moment is first determined as in Case 3; the sectional area for 
resisting shear is then found; the first section then being increased 
by the addition of the latter. Shear may generally be neglecte<t 
in Iwams with uniform loailins- 

461. Tension and Bending Moment. — 
463. Axis of Member Straight (Fig. 607.)— The loi^tudinali 

tension is assmned to have uniform iaten-sity over the cross-seetioa 
of the member, which is also rerjuirod to support three loads, pro- 
ducing a bending moment. This is the case of the lower chord of a 
POof truss, which also supports ceiling beams or joists. 
Let .V = total tension in tons acting in the member, 

M = maximum bending moment in foot-tons acting on it. 

A = sectional area in square inches of the member. 

c' = distance in inches from neutral axis to top fibre of section. 

c" = distance in inches from neutral axis to bottom fibre. 




COMPOUND STRESSES 



For sections symmetrical about the neutre' 



axis, c = c = - 



241 
depth 



/ = moment of inertia of cross-sectiop "* "^'"'^'■■ 
Then ^ - ^' = maximum stresv^ ^^P ^^'^ °^ section, tons 



per sq. in. 



(127) 



■j-f,; ji maximum stress must not exceed C for upper or T for lower 
gjy^ as given in table of coefficients for materials. 

Vt is evidently necessary to first assume the section of the member, 
^m applying the formula, proceeding in this manner until the safe 
gljition be found. 

' 163. Axis of Hnnbflr Cuired (Fig. 508). — Member in tension 
^ly. Axis is assumed to be a circular arc, convex upward, like the 
-urved chord of a truss. 



' Flo. 508. 

Let a = versed Mne of longitudinal curved axis in feet. 
Then M = Xa= bending moment in foot-tons due to curvature of axis. 

-J j — = maximum stress in tons per sq. in. in top fibres. (129) 

^ H J — ^maximum stress in tons persq.in. in bottom fibre3.(130) 

These maximum stresses must not exceed C or T in the table. 
4U. AzUc(H«mbgrCurTodwttliB«QdiiigHom«nt(Fig. 509). — 




maximum stress in top fibres. 
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X a c" _\Mc^ ^ 



maximum stress in bottom fibres. 



A^ 1 ^ 

These must not exceed v; ,afo values of C ami T in table. 

465. Compression and Be., ^ding Moment.— 

466. Axis of Member Straig:h,._t, {Fig. 510).— Ix-t Z = total 
pression in tons noting in the mflm»^,er. Intensity uniform 
entire cross-section. 

Then -j H — — = maximum stress in top fil 

Z Mc" 

-J J— = maximum stress m bottom fibre 




467. Axis of Member Curved tFig. 511). — 
Z Zac' 
-J + -• ■ ■ = maximum stress in top fibres 

Z Zac" 
'-J J— = maxmium stress m bottom fibres. 



468. Axis of Member Convex Upward; Bending Momi 
(Fig. 512).- 
Z Zat^ M c' 

—v-\ J J— = maximum mtensity of stress m top fibres. (13 



Fia. 612. 

Values obtained by these formulas must not exceed the n 
values of C and T resfwctivciy given in the table of coefficients. 

469. Inclined Rafter (Fig. 513). — A rafter is supported at ea 
end, is assumed to extend over but one span, and usually suppoi 
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I uniform load, which rarely acts at right angles to the enaa of the 
After. 
Let L = its inclined free length in feet. 
i° = its inclination from a horizontal. 
W — resultant in tons of total uniform load on it. 
y cos t° = horizontal projection of rafter in feet. 
L W = component of W acting at right angles to rafter. 
■; W" = component of W acting parallel to rafter, 

^ \ 



} 




The component W produces bending and deflection; the com- 
ponent W" causes longitudinal compression in the rafter, and it 



leSectioa occurs. While the rafter remains straight, this compres- 

W" 
ion is uniformly distributed over its cross-section. Hence r-j = 

atensity of this compression in tons per square inch. (139) 

But the component W produces at the same time a deflection 

it middle of rafter. 

470. Haxbnum Hbre StresB. — 

22.5 W L" 
A = =j — = maximum deflection in ins. at middle. (140) 

Then ^-j ( 1 + ~j~) ~ maximum tensile fibre stress in tons per 

q. in. at bottom of section of rafter at middle (141) 

Here d = depth in ins. of rafter, for rectangular, I or channel 

ection, or for any other form symmetrical about its neutral axis. 
Then F — this maximum fibre stress = safe value for F to be 



It is usually found in practice that this parallel component W" 
'»a be safely neglected, excepting in case of very steep roofs. 
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For rapid approximate calculations, the total load W is ofta 
assumed to be uniformly distributed over a horizontal beam of the 
length L cos i", or the horizontal projection of the rafter. 

471. Horizontal Beam Resisting Maztanum Bending MoDurt 
and CrosB Shear (Figs. 504, 505, 506). — The cross-section of the 
beam is first found for safely resisting the maximum bending 
moment M by the formulas of Case 3, according to the arrange- 
ment of the loading. The shear diagram then shows the intend^ 
of transverse shear occurring at or near the same point as the max- 
imum moment M. The formula for shear then gives the area of 
section to be added to the cross-eection already found, for resisting 
this shear, if necessary. 

Transverse shear can usually be neglected for uniform loading, 
if the sections of the beam are uniform, being = at middle d 
beam. 

Longitudinal shear has a maximum value at the middle of the 
depth of wooden beams, but it may usually be neglected, excepting 
for heavily loaded short and deep beams, which are rarely found in 
roof construction. 

472. Puiilne Supporting Rafters or Sheathing:. — These are 
usually horizontal and straight, set with sides or main axis of 
section vertical, perpendicular to inclination of roof, or radial for 
curved roofs. 

Let W = total resultant in tons of uniform load on purlin, which 
may coincide with main axis of its cross-section, or may make nitb 
this an angle a. (Fig. 515.) 

Two cases comprise all positions of the load and purlin. 

473. Resultant ot Loads Coincides with Main Axis. — W coincides 
with main axis of its section. Maximum fibre stress will not exceed 
safe value of F. {Fig. 514.) 

474. Resultant of Loads Does Hot so Cdndde. — W makes an 
angle a with the main axis. Maximum fibre stress may exceed safe 
value of F, and further calculations are required. 

X X is here the main axis of the cross-section. 

F K is its transverse axis. 

Then W = W cos " = component coincident with main axis 
XX (142) 

W" = F" sin a = component coincident with transverse axis 
YY (143) 
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By formulas for Case 2, select a cross-seftion possessing the 
required numerical valuea of — and / about the axes Y Y and A' A', 
respectively, as for example in Fig. 515. 

476. Location of Neutral Axis of Section. — The gravity axis at 
which stress occurs may be located by the following method. In 
Fig. 515, at any convenient scale, lay off C D = numerical value of 
/j, about axis Y Y and C B = numerical value of /^ about axis X A". 
Draw horizontal D A and through B draw B A perpendicular to 
C W and intersecting at A the horizontal through D. Join .4 C, 
which is the required line of stress. 




I 



It is here evident that the compression at c and the tension at e 
will be equal and greater than in any other fibres of the section. 
Their intensity may be found by the following formulas, 
Let d = depth of purlin in ins, parallel to main axis .Y X. 
Let b = breadth of purlin in ins. parallel to axis Y Y. 
W = W cos a = component of IK parallel to axis A' A'. 
ir" = ir sin n = component of II' parallel to axis I' Y. 
476. Formulas for Maximum Fibre StreB9.^Case 1. Load W 
concentrated at mid-length of jjurliti. 

fibre stress in tons per sq. in. (144) 
(145) 



w^y 



Case 2. Load Tl' uniformly distributed along purlin. 
fW'd W"b\ 
.75 L [— 1 j — 1 = max. fibre stress in tons per sq. in 

Case 3. Load W arranged on purlin in any manner. 

jM-d , M"b\ .. . - . 

o\ — J 1- — J — 1 = max, fibre stress m tons persq. in 



(146) 



Here M' = M cos a = moment of component parallel to axis X X. 
M" = M sin a = moment of component parallel to axis Y Y. 
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477. Use of these Formulas. — These formulas are applicable 
to any section symmetrical about the gravity axis Y Y, such t& 
timbers, I-beams, channels, box girders, etc., but not to angles and 
tees. 

The value obtained for fibre stress by either formula will fre- 
quently exceed the safe value for F, when a larger section must be 
chosen, then again applying the formula to this, until one is founc^ , 
whose maximum fibre stress does not exceed F for the material i** ■ 
the table of coefficients. 



-e^ 



IlluK— >V 



478. Spliced Timbers in ConyireBi 

(Fig. 516). — The compressile stress in thi 
member (priocipal or strut) is assumed to b^ 
uniform and transmitted by direct contact— ^ 
Hence a simple and short halved splice is sufB — ■ 
cient, the timbers being held together by tw(M 
to four bolts. To prevent the bending of th^ 
member, this splice should be made as near an apex as possible. 

479. Spliced Timbers in Tension (Fig. 517). — These splices are« 
to be made as simple as possible, to economize labor and materials. 
Therefore butt splices \\\t\\ vertieal steel fish-plates and through 
bolts are preferred and employed here. 

460. Sectional DimenaionB of Spliced Timber in Tension. — 
Experiments made by Mr. John C. Gustafson proved that the 
ultimate resistance of such splices, made in various ways, was from 50 
to 70 per cent of that of the uncut timbers. Hence the safe strength 
of a tension splice is here assumed at 50 per cent of that for the tim- 
ber, and in dimensioning the member in tension, the area of section 
found by using the coefficient T is doubled. 
Let X = tensile stress in tons acting in the member to be spliced. 
b = horizontal breadth in inches of the cross-section. 



h = vertical depth in inches of the section. 
2X 



n sq. ins. 



CI47) 



481. Number of Rows of Bolts in Splice. — 

Let n = number of horizontal rows of bolts in the splice. 
n = 1 for timbers 4 to 6 inches deep. 
n = 2 for timbers 8 to 12 inches deep. 
n = 3 for timbers 14 to 18 inches deep, 
n = 4 f or timbers 20 to 24 inches deep. 



SPUCBD TIUBESS 

To locate borizontal c<!ntre lines of the bolts: 

For n = 1, divide h into 2 equ&i parts; centres are oa middle 
line. 

For n = 2, divide A into 4 equal parts; centres on Istand 3d 
lines. 

For n = 3, divide A into 6 equal part,8; centres on 1st, 3d, and 5th 
lines. 

For n = 4, divide k into 8 pqiial parts; centres on 1st, 3d, 5tli, 
and 7tb. 

This arrangement of the bolts uniformly distributes the tensile 
stress over the entire uncut cross-section of the timber, 

182. Fonnulaa for Splices of Timbera in Tension (Fig. 517). — 
Let N — number of bolts required in one end of splice. 
d = diameter in inches of the bolts used. 
( = thickness in inches of the fish-plate. 

g = minimum horizontal distance between centres of bolts or 
from centre of bolt to end of timber. 



I 



'oefficient of safe resistance of wood to crushing endwise. 
= coefficient of safe resistance to shear parallel to fibres. 



O O O 
I— (?-+'-*■+■«■— 

o ^ o 



The uncut total cross-section of the fish-plates must transfer the 
stress in the member; the thickness of each plate must be sufficient 
to develop the full resistance to shear in end of each bolt; the re- 
sistance to shear at each end of the bolt, the resistance of the wood 
to crushing by the bolt, and also the resistance to shearing endwise 
of the wood at each side of the bolt, are arranged to equal each other 
in the formulas given here. 
dC 



2S'' 



- minimum distance of bolts on centres or to end of timber. 

(148) 

=~d ■= minimum safe thickness of fish-plate to develop full re- 



sistance of bolt to shearing. 



(149) 
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t' = — ■ , ; - _ - _,, = minimum thickness of fish-plate for transmittiixfi 
the tensile stress X in the member (150) 

The two formulas for t being independent of each other, tt».« 
larger value obtained by applying them b to be used. 

Holes in fish-plates for bolts must always be drilled, nev^s-i 
punched. 

N= r~rPt = number of bolts required in each end of splice. (151 ) 

This formula is based on the condition that the thickness of th_ e 
plate is obtained by formula 149. But if t' be less than t, and th£— s 
value tie used for any reason, the following formula should be appIiec^Bi 
which increases the value of iV to be used: 

JV = "H" X rTT; = number of bolts to be used in each en^^ 
( bat 

of splice (152- J 

Diameter of bolts should be from — " to 1", using the tnanu - 

facturers' sizes as given in Cambria and Carnegie. 

183. TonDulai for Fiah-8tr^>8. — Separate fish-straps instead i^-^ 

fish-plates might also be used as in Fig. 518, with the advantage o -^ 

permitting the shrinkage of the timbers without causing cracks. 

Let h' = width in inches of one strap. 




Fig. 5 is. 
= number of straps or rows of bolts. 



should not be made h 



(153) 



484. Riveted Connections. — Dimensions of rivets and rivet 
heads are given in Cambria, page 342, and Carnegie, page' 191. 
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Safe shearing and bearing resistances of rivets are to be found in 
Cambria, pages 316, 317, and in Carnegie, pages 195, 196. The new 
Chicago building ordinance permits for shop rivets 6 tons per square 
inch of section in single shear and 12.5 tons per square inch in bear- 
ing. For field rivets, 5 tons in single shear and 10 tons in bearing. 
These values are entirely safe in roof trusses, etc. See table on pi^c 
195 of Carnegie. (Not in Cambria.) 

Holes for rivets are punched by a machine making a group of 
hole^ at the same time, making it neceiiaary to arrange the holes In 
accordance with the standard punching usefl in the shops. Standard 
punching for connections are in Cambria, pages 51-54, and in 
Carnegie, pages 177, 178. 

486. Spacing of Ri?eti. — Ilulea for .spacing rivets are to be found 
in Cambria, page 322. The rules and data given in the two handbooks 
vary slightly, according to the system employed in the shop executing 
the work. 

Rivets ?i inch in iliametcr arc generally used throughout ordi- 
nary roof trus-ses, or J^ inch for very heavy work. Different sizes 
in a truss should 1m> avoided on account of lost time in changing 
punches, dies, and rivets. 

For acrurately obtaining the total distance between end centres of 
a string of rivets, Smoley's table, pages 316-318, will be found useful. 

486. Location of Rivet Lines. — Theoretically, the longitudinal 
gravity axis of a member composefl of two rolled shapes should 
coincide with the centre line of the member on the truss diagram. 
But it i.s practically more convenient and usual to so arrange the 
member that either a rivet centre line coincides with the centre line 
of a member on the truss diagram, or that this centre line of the 
member lies midway between two rivet centre lines. Resulting 
bending moments at the apexes are then small and may usually be 
neglected. 

487. Claaranca for Rivet Heads. — For all angles must be allowed 
J4 or ?^ inch for clearance between rivet head and leg of angle, 
if rivets are staggered or are set in one leg only. Add to this the 
height of head, in chain riveting in both angles. 

Minimum di.«t.ancc from back of angle to rivet centre line. 
a. Chain riveting in both legs: 
Ijit t = thickness of leg. 

d' = diameter of head of rivet. 

h = height of head. 
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Thent + A + — + — "or— "= thisminimiimdistance. . (155) 

(14 inch is giveo in Caraegie and % inch in Cambria, which is more 
common.) 

b. Staggered riveting in legs : 

/+ — + —" or — " = this minimum distance. . . . (156) 

Distance to rivet centre line is always figured from back of angle 
and not from the 1^. 

48S. Standard AiranffamflntttfRlTfltLinssAirangfld. — But rivet 
centre lines on angles axe generally spaced according to the table of 
the American Bridge Co., without regard to thickness of the leg. 
Tabi-e fok Spacinq RrvBT Centre Lines on Angles (Fig, 519). 



L«t 


0. 


G 


G,. 


G,. 


Max. rivet. 
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3" 


2" 
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6" 
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2V 


2H" 


M" 


'A" 


7" 


4" 


'2y 


3" 


a" 


'A" 


8" 


iW 


3" 
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" 
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Two rows of rivets in a leg less than 5 inches wide 
■^^ must be staggered, and the rivets in the different legs 
should also be staggered, when possible. Chain rivet- 
ing is preferable a,t apexes of trusses. 

Standard punch ings for coimccting angles for 
I-beams, channels, etc., are given on pages 51-58 of 
Fio. 519. Cambria, and pages 176-178 of Carnegie. 
489. Standard Punching tor I-Beams and C!hannela. — The 
American Bridge Co.'8 standard punching in webs of I-beams 
and channels is given in Fig. 520 and should be used, since 
multiple punching machines are usually arranged to suit these 
spacings. 
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Htch of rivets on centre line must not be less than 3 diameters 
and should nevpr exceed 6 inches or 16 times the thickness of the 
thinnest plate connected by the rivets. 

The safe resistance of a rivet is determined by its safe shear or 
bearing resistance, since its bending stress is usually smaller and ia 
neglected. 




490. Spliced ChannelB in Compression. — Steel shapes are some- 
times milled to exact lengths and with squared ends, but riveting is 
likely to separate these ends, so that all compression is assumed 
to be transmitted between the shapes through the rivets and cover 
plates or gussets. No deduction is made for rivet holes. (Fig. 521.) 




191. Minimum Distance Between Backs of Channels. — For a 
compression member, it first becomes necessary to detennine the 
minimum clear distance between the backs of channels forming the 
member, so that the member may be equally stiff about both rect- 
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angular axes of the cross-section. This distance may i)e computed by 

Ie following formula: 
( V R,^-R,''~ x) = minimum clear distance between backs. . (157) 
Here fli = radius of gyration about axis 1 1 (Fig. 522). 
B2 = radius of gyration about axis 2 2. 
X = distance froui centre of gravity to back of channel. 
For these values see Cambria or Carnegie, Properties of 
sections. 

192. Or^hical Method for Obtaining this Distance.^ — This 
distance may also be found by a simple graphical construction 
(Fig. 522). For sake of cicariK-as, Fig. 522 is drawn to twice the scale 

|, /I °^ ^'^- ^^^ ^°^ ^^^- ^" ^'K- ^-^' '*y °^ 

g[\ ^ j j-g C b = Rj on horizontal drawn through C; also 

PC ■ C a = R2 on the same; erect the perpendie- 

Tp'"^ alar a c and with radius C b describe arc b c; 

I \ lay off c rf = X, and a d = one-half the re- 

I \ quired clear distance between the backs of 

f It*' \ ^''^ channels. But since Fig. 522 is at double 

i^^ '*" the scale of the section in Fig. 521, a d = 

'°' ^"' clear distance required. These clear dis- 

tances are to be found in Tables I and J, Figs. 540 to 552, written 
on line representing each channel. 

According to Fig. 520, two rows of rivets are to be used here, set 



2 ~ inches between centre lines, and pitch of rivets is 2 — inches, 

with 1 — inches from centre of rivet tu end of cover plate or shape. 

At a splice, the compressile stress is transmitted through flange 
and web cover plates, between which it Is divided in proportion to 
the number of lines of rivets in flanges and webs. 

Channeb with gussets and not latticed. 

The gusset here transmits one-half the stress, which would be 
transmitted by web cover plates of latticed channels. Number of 
rivets is found by Table T. 

493. SpUcad Channels in Tension.— Latticed channels are spaced 
the same distance apart as for channels in compression in Fig. 521, 
but they would have equal tensile strcngtli if a gusset were placed 
between them with cover plates on each side of the web, and this 
would materially reduce the number of rivets required at a splice, 
since each rivet would be in quadruple shear. 
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Rivet holes in any (^russ-st'L'lion niiiat be deductotl, taking the 

rivet — inch larger to allow for reduction by punching the holes. 

Hence the cover plates will be a iittle thicker than for a splice trans- 
mitting an equal comprewsile stress. The number of rivets is de- 
termined by the bearing of the rivets on the thin web of the channel 
in Fig. 523, as this does not develop the full resistance of the rivet 
to single shear. Number of rivets required is found by Table T. 



I 



o o o O^ 
o o o o' 



In heavy structures, cover plates are usually riveted on the 
flanges as well as on the webs at the splice. 

The stress at the splice is divided Ijetween flange and web covers 
in proportion to the number of rivet lines in each. 

494. Fin Connections. — Joint pins are cylindrical and must be 
finished straight and smooth with uniform diameter. To retain 
the coimected members on the pin, its ends are turned smaller and 
receive standard hexagonal nuts, as in Cambria, pages 344, 345, 
C'amepe, page 200 ; or split steel cotters are sometimes inserted in 
holes at the ends of the pin. The finished diameter of the pin ia 



inch less than the rough ■ 



nominal diameter, to allow for 
i often used for 



turning or cold rolling. Cold-rolled steel shafting i: 
pins and does not require finishing. 

A pilot nut is placed on the end of the pin while inserting it in 
place and assembling the members, to prevent injury to screw 
threads. 

496. Dimensiona of Eye-bar Ends. — Standard dimensions of 
flat eye ends to connect on pins are given in Cambria, page 339, and 
in Carnegie, page 212. Since the plain flat bar is not adjustable in 
length, flat eyes with screw ends are also employed, being connected 
by a round rod with enlarged ends and turnbuckles or sleeve nuts. 
For standard dimensions, see Cambria, pages 338-342, also Carnegie, 
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pages 210-212. End of round rod must be upset as per Cambria, 
pages 334, 335, or Carnegie, pages 205, 206. For members to resrat 
heavy stresses, plain fiat eye-bars are generally used, carefully made 
to the exact lengths required. The adjustment of length is tiien 
made in other members. 

Rns may fail in either of three ways, each of which usually re- 
quires to be considered. 

196. Bedstanee to Shsarlnff. — The maximum intensity of shear 
in a round section ia at the middle diameter of the pin, where this 
csceeds the averse intensity by one-third. But it is always assumed 
to be uniformly distributed over the section. 

Let d = diameter of pin in inches. 

Z » maximum longitudinal stress actii^ in any member cihi- 
nected, in tons, _ 

Then d = 0.4607 ■</ Z = diameter of pin for single shear. (160) 
d = 0.3257 V Z - diameter of pin for double shear. (161) 

Single shear occurs for the outer members acting on pins, and 
double shear on the others; hence members with smaller stresses 
should be placed nearest the ends of the pin. The middle member 
acting on the pin may be a single rod or shape, but all others must be 
doubled or have forked ends in order to produce symmetrical shears 
on the pin. It is usually best to place the web member in com- 
pression at the middle of the pin. 

497. SssIstaDCS to Bearing or Cruihing. — If the pin accurately 
fits the holes in the members, it ia probable that their pressures on 
the pin act radially. Yet this pressure is always assumed to be 
uniformly distributed over the area d t, d being the diameter of the 
pin and ( the length of the bearing surface of the member. 

Then 12.5 tons per sq. in. = maximum safe resistance for bearing. 

12.5 d t = maximum safe bearing resistance in tons. (162) 

d = „ = 0.8 — = diameter of pin with one bearing 
at end of member (163) 

d = — -j; - = 0,4 -— = diameter of pin with two bearings 
at end of member (IW) 

( = 0,377 d, approximately —d (165) 

For flat eye-bars, ( should equal -^ to — their width. . (166) 
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Table in Cambria, pages 398-403, or in Carnegie, pages 245-250, 
will be found very convenient in dimensioning plain fcye-bars. 

Also table for round rods with upset ends and eye ends, Cambria, 
pages 334, 335, and Carnegie, pages 261-266. 

For square bars with upset ends, see Cambria, pages 336, 337, 
or Carnegie, pages 261-266. 

Stress 

■ — - — = inmimum seetional area of eye-bara composing the 

member. 

Square bars are mostly used for diagonals of bridge trusses, 
rarely for roof trusses. 

498. BeaiBtance to Breaking. — Since the stresses are concentrated 
at different points in the length of the pin, employ formulas of 
Case 3. 

Let M' = maximum bending moment in inch-tons acting on the 
pin. 

d=l, 0839 V^' = I-^ Vjl/' = minimum8afediameterof pin, . (167) 

499- Conquiriaon of Pin and Bivet Connections. — As an example, 
take the connections at the ends of member 7 8 in Example 4 of 
Chapter IV, Fig. 72, a steel Fink truss of 128 ft. span. 

500. Pin Connections. — For pin connections it is most con- 




venient to use two channels for the upper chord, since a pin connec- 
tion in two angles would be awkwardly made. These channels are 



256 STRENGTH OF MATERIAI^ |Ch. 9 

set apart sufficiently to make the member equally stiff in both 
directions from its axis. The stresses in the members are transferred 
by means of cover plates riveted on both sides of each channel, and 
not through the pin, which merely connects the upper chord with 
the web members. 

Fig. 524 18 an elevation of the connection at upper end of 7 8, 
and fig. 525 is a cross-section near the pin. Fig. 526 h the diagram 
for bending moments acting on pin perpen<licular to axis of 7 8; 
Fig. 527 is a similar diagram for moments acting in the same plane 
as the axis of 7 8. Tlie intercepts found are combined in Fig, 528 
to obtain the maximum intercept in inches, which is multiplied by 
pole <listance in tons to obtain numerical value of maximum bending 
moment in inch -tons. 



(Table U.) 

3 — " = diameter to resist bearing. 

9 
2 — ' = diameter to resist maximum bending moment. 

Hence the pin is made 3 jz" in diameter. The dimensions ot 

pin ends and pin nuts are given in Cambria, page 344, and in 
Carnegie, page 200. 

The member 7 8 is here composed of two Ls, between which is 
riveted a gu.sset end plate, bored to slip on the pin. Members 6 7 
and 8 9 each consist of two rods with loop-welded eyea (Cambria, 
page 346). 

Figs. 529 and 530 are the elevation and section of the connection 
at lower end of member 7 8. Each memlwr of the lower chord 
consists of two flat eye-bars of rectangular section, ami 8 15 is 
composed of two rods with loop-welded eyes. 

■11" 



Hence the pin is made 2— "a."* 2—" is not a regular size of pin. 
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601. RlTot CotmBCttoui. — Fig. 531 shows a riveted connection 
at the upper end of 7 8. The upper chord here consists of two Ls 
connected by top and cover plates, while the gusset connects all 
members together. The web members are each composed of two 
Ls with both flanges riveted to the gusset, except for 7 8 where 
this is not necessary. Cross-sections of the different members 
are pven. 




Fig. 532 is the riveted connection at the lower end of 7 8 joining 
the lower chord and web members. 

By comparing these pin and riveted connections, it is at once 
apparent that the latter is more easily designed and more economically 
constructed; therefore riveted connections are now generally em- 
ployed, excepting for roof trusses of very wide spans or to be erected 
in a distant country, where expert riveters may not be obtained. 
Bending moments do occur in riveted connectiorLs, but these are 
usually small enough to be neglected. 

S02. Slip Platei (Fig. 535). — The ends of "roof trusses generally 
have horizontal steel or cast-iron plates, that rest on the tops of the 
walls and are fastened by anchor bolts. This suffices for moderate 
spans. But wider spans require provision for expansion and con- 
traction of the length of the truss in order to prevent injury io the 
walls. This may be provided by a slip plate at one end, as in Fig. 
lower 535, the upper plate being fixed to the truss and sliding on the 
17 
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one that is fixed to the wall. Its bearing surface should be slight], 

cylindrical as shown. 

Let r = radius of curvature in inches of the bearing surface. 

I = its lei^h in inches. 
Then 0.75 r I = maximum safe load in tons transmitted. . (168 



I Fig.63T j ^jTwq I Fig. 586 [ j FW. 681 H I Flg-Ma ] 



603. Bockers (Figs. 533, 534).— In Fig. 533 a cylindrical stee 
pin b set between the plates, which are accurately fitted to it; ii 
may then be regarded as a pin subject to a bearing stress. 

Then for a steel pin between steel plates: 

12.5 dl = maximum safe load in tons transmitted. . , (169^ 

But for a 3t«el pin between ca-st-iron plates; 

5.0 d I = maximum safe load In tons transmitted. . . (170^ 

It is therefore necessary to use steel plates for heavy loads. Th( 
same form of connection is also employed at ridge apex of a jointec 
arch truss. 

Fig. 534 shows a cylindrical bearing surface on the lower plate 
both plat«s being assumed to be of oast iron. 

Then n d I = maximum safe lead in tons transmitted. . (171] 

504. Eq)anaion Rolls (Figs. 536, 537).— Cylindrical steel rolL 
are inserted between flat plates to permit movement of the uppei 
plate caused by expansion or contraction of the truss. These roils 
are kept parallel and perix^ndicular to the plane of the truss by steel 
bars fastened on their projecting ends. 
Let n = number of rolls. 

I = length in inches of one roll. 
d = diameter in inches of a roll. 

Then 0.15 nld — maximum safe load in tons transmitted. . (172) 
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CHAPTER X 

TABLES FOR DIMENSIONING MEMBERS 

606. Purpose of the Tables-^The necessary computations may 
be made by using the pmper formulas previously givon in Chapter 
IX. But a series of original numerical and graphical tables have 
been constructed by the author for economizing time and labor, as 
well as the avoidance of errors. These tables generally give the 
desireti dimensions by simple inspection. Some have been tested 
by years of actual use; others have been recently devised; all have 
been adapted to the coeffipients and data now generally accepted in 
the United States. 

I. TENSION 

606. Table A.— Kods without upset ends, with nuts and washers. 
Since the safe tensile strength of the rod is reduced nearly 30 per cent 
by cutting screw threaiis at each end to receive tiie nuts, this table 
should always be used, unless it is absolutely certain that the rod 
ends are to be enlarged to the standard upset ends, which have a 
safe resistance not less than that of the rod itself. 

Safe tensile strength allowed is 8 tons per sq. in, of reduced net 
sectional area of the rod. 

Dimensions of nuts are manufacturers' stanilard sizes, which 
are now generally employed instead of the Franklin Institute stand- 
ards, because these nuts are cut from standard bars without waste. 

Washers are made of cast iron, have the same thickness as the 

diameter of the rod, with hole — in. larger than the rod. They 

are usually tapered in thickness toward the edges, which should be 

— to — mch. 

The net safe areas of washers are given in sq. in.'^. for woods with 
values of C = .30, .25, .20. .175, .15, .125, .10, and .075 ton per sq. 
inch against side of timber. Areas required for intermediate values 
of C can be easily interpolated. To the net area of washer is to be 
added the area of hole for rod in oriler to obtain total required area 
of washer. 
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\\ljen the rod exceeds 2 


ins. diameter, it is better to use a 


group 


of t« 


or three rods of equal resistance, to compose the mem 


jerof 


the roof truss. 








• 








T.\Bi.E .\ 






^^L 


STEEL RODS-ENDS 


NOT ri'SET 




^P 




Vet arc 


a C. t- Wa8hor in eq. in» 




1 OImh. 


8^ 
Ten- 
sion 


Nut 


Valubs u>> C 1 


Sfluare 


■800 


J150 


■SOO 


.170 


.ISO 


.18B 


.100 


.07ft 


^^^L In- 


foiir 




9q. In. 








~ 






Sfl.la. 


^^B 


1.01 


HX H 


3.4 


4.0 


5.0 


5.8 


6.7 


8.1 


10. 1 


13.4 


^r '^ 


1.30 


AXIK 


4.4 


5.2 


6.5 


7,5 


8.7 


10,4 


13.0 


17.1 


^™ M 


1.Q2 


^XlH 


5.4 


6.5 


8.1 


9.2 


10.8 


12.9 


16.2 


21 J 


1 )> 


1.96 


HxV4 


6.5 


7.8 


9.8 


11.2 


13.1 


15,7 


19.6 


X.\: 


1 H 


2.42 


?»Xl*i 


8.1 


9.7 


12.1 


13,8 


16,1 ] 19.3 


24^ 


am: 


1 ■ H 


2.80 


Hxi?g 


9.3 


U,2 


14.0 


16.0 


18,7 1 22,4 


28.0 


37.t 


^& ' ^ 


3.36 


HxiH 


11.2 


13.4 


16.8 


19.2 


22.4 26,9 


33.6 


44 


^B ** 


3.86 


iixiH 


12.9 


15.5 


19.3 


22.1 


25,8 ^ 30,9 


38.6 


SI. 


^^V 1 


4,50 


1 xiH 


16.0 


IS.O 


22.5 


25.7 


30,0 : 3Q,0 


46.0 


57. 


^^ "• 


S.19 


lAxiJi 


17.3 


20.8 


26.0 


29.7 


34.6 1 41.5 


61.9 


69. 


r ■>< 


5.55 


IHX2 


18.5 


22.2 


27,8 


31.8 ' 37.0 44.4 


55.5 


74JI 


1 '* 


6.33 


IAX2 


21.1 


25.3 


31,6 


3IS.2 42.2; 50,6 


63.3 


84. 


t « 


7.13 


IHX2H 


23.8 


28.5 


35,6 


40.8 


47.5 


57,0 


71.3 


es; 


^■. 1* 


7.90' lftX2J.i 


26.6 


32.0 


40,0 


45.7 


53.3 


63,9 


79.9 


100. 


^B IH 


8.44' \HX2H 


28.1 


33.8 


42,2 


48.3 


56.3 


67.5 


84.4 


112, 


^H "• 


6.39 1 lrtX2!4 


31.3 


37.5 


46,9 


53.7 


02,6 


75,1 


93.8 


125, 


^^M w 


10.30 1MX3 


34.5 


41.4 


51.8 


59.3 


09,1 


82.9 : 103.6 


138L 


^H 'A 


11.40 ' 1AX3 


38.0 


45.6 


57,0 


65,2 


76,0 


91.2 


114.0 


15t 


^^B m 


12.14 i lWx3>i 


40.5 


48,5 


60,7 


09,4 


30.9 


97,1 


131.4 


156, 


^^B IH 


13.26 1HX3>£ 


44.2 


53.1 


66.3 


75,0 


88.5 


100.1 


132.6 


1781 


^H iH 


13.07 1 l*iX3j^ 


46.6 


55.9 


69.8 


79,9 


93,2 


111.7 


139.7 


18&. 


^^L ■» 


15.18, IHX3,H 


60.6 


60.7 


75,9 


86,8 


101.2 121,4 


151.8 


202. 


^^V' 1^ 


10.41 ITiXSSi 


54.7 


65,6 


82,0 


93,8 


109,4 1 131.3 


164.1 


2ia 


^^B IH 


17.71 HixSH 


59.1 


70.9 


88,6 


101,3 


118,1 1 141.7 


177.1 


236. 


^^^1 


18.44 


2 X4 


61.5 


73.8 


92,2 


ia>,5 


123,0 147.5 


184.4 


3*&. 


^^1 2)i 


21.23 


2MX4 


70.8 


84.9 


106,2 


121,4 


141,6 ] 169.9 


212.3 


283. 


^^m 


24.22 


2WX4K 


807 


96,9 


121,1 


138,5 


161.5 


193.7 


242.2 


323. 


^^1 2H 


2U.41 


2HX4H 


88.0 


105.6 


132,0 


151,0 


I7b.l 


211,3 


264.1 


351 


^^B !H 


29.73 


2HX4^^ 


99,1 


118.9 


148,6 


170.0 


108.3 


237.8 


297.3 


300: 


^^B :M 


33.24 


2^X414 


110.8 


133.0 


166,2 


190,1 


221.7 


265.9 


332.4 


442 


^^B 2M 


36.95 


2?iX4ji 


123.2 


147,8 


184.8 


211,3 


246.4 


295,6 


369.5 


492 


^H i'A 


40.86 


2JIX5 


136.2 


163,4 


204.3 


233,7 


273.5 


326.9 


408.6 


54i 


^1 3 


43.40 


3 X5 


144.7 


173,6 


217,0 


248,2 


289.4 


347.2 


434.0 


57«J 


^ 


^ 






- ,.r.ni 


^ 



607. Exanqde. — 25 tons = tensile stress in the member. Long- 
leaf pine. 

It is best to use two rods with 12.5 tons tensile stress in each. 



longlcaf pine = .175; hence total area of washer = 2 X 75.9 + 2 X 
2.41 = 156.6 sq. ins. X 1 tt" thick, tapered to — inch at edge, with 

2, 1 -— ■" holes for rods. If set on a timber 12 ins. wide, its lei^th = 

156,6 ,„ . . 
—rr- = 13.5 ins. 

608, T«Ue B. — Rods with standard upset ends, nuts, and cast- 
iron washers. 

For dimensions of standard upset ends, see Cambria, pages 384, 
385; Carnegie, pages 205, 206. The use of these rods with upset 
ends produces considerable economy in weight, but the upsets must 
be made with standard dies, never by wehiing on a piece of a larger 
rod. 

Diameter of upset end, thickness of nut, and thickness of washer 
are all made equal to each other. Net areas of washers arc given for 
values of C" = .30, .25, .20, .175, .15, .125, .10, and .075, as in 
Table A. 

609. Sianqde. — 25 tons = tensile stress in member as before. 
Longleaf pine. 

By Table B, 2 rods I — " diameter will suffice; upset end 1 — " X 
5-^" long; nut 1 — "X3 —"square; total area of washer= 2 X 74.3 + 
2 X 2.95 = 154.5 sq. ins. ; thickness 1 — ", taperetl to — " at 



12.9 ins., a little less than in 
previous example. 

BIO. Tatde C. — ^Two steel channels in tension, with webs only 
riveted. 
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TABLES FOR DIHBNBIONING 

TABLE B 

STEEL RODS— ENDS UPSET 

Net at«a ot C. L Washer 



-i § 










VALris OF C 


i 1 ^1 


"^^ 


Nut !g 




















5 "' 


■"^ 






Q 


.800 


.260 


.800 


•"" 


.160 


.IBB 


.100 


.076 


T^ 


In. 


Id. 


I^ 


s^ns" 














8^:1: 


H 


1.57 


HX4H 


«X1X 


2'A 


5.2 


6.3 


7.9 


9.0 


10.5 


12.6 


15.7 


30.B 


A 


1.99 


%X4H 


Kxm 


m 


6.6 


8.0 


9.9 


11.4 


13.3 


16.9 


19.9 


26.5 


H 


2.4fi 


J4X4H 


Hxm 


lAi 


8.2 


9.8 


12.3 


14.0 


16.4 


19.6 


24.5 


32.7 


H 


2.97 


1 X4H 


1 XI?il2 


9.9 


11.9 


14.9 


17.0 


19.8 


23.8 


29.7 


39.S 


H 


3.64 


1 X4^^ 


1 xmz 


U.8 


14.1 


17.7 


20.2 


23.6 


283 


35.3 


47,1 


H 


4.14 


1%X4H1HX2 |2 


13.8 


16.S 


20.7 


23.7 


27.7 


33.2 


41.5 


56.3 


H 


4.81 


\HxA*A'i\ix2HlH 


16.0 


19.2 


24.1 


27.5 


32,1 


38.5 


48.1 


64.1 


ii 


5.52'l>iX4Ji'l^iX2KlH 


18,4 


22.1 


27.6 


31.6 


36.8; 44.2 


55.2 


73.6 


1 


6.281?^gX5 il'gX2^|lj4' 


21.0 


25.1 


31.4 


35.9 


41.9 50.3 


62.8 


83.7 


1.^ 


7.10,1HX5 ;i»'sX2ji|lJi 


23.7 


28.4 


3.^.6 


40,6 


47.3! 56.7 


70.9 


94.5 


IH 


7.951^X6 |1^^X3 IH 


26.5 


31.8 


39.8 


45,5 


.53.0, 63,6 


79.5 


1O6.0 


lA 


8,87J)J^X5 J1HX3 IH 


29.5 


35.4 


44.3 


60.7 


69.1' 70.9 


88.6 


118.1 


IK 


9.82,mx5Kl^SX3Jiilii 


32.7 


39.3 


49.1 


56.1 65.5| 78.5 


98.2 


130.S 
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Deduction from total sectional area of weba only must be made 
for all rivet holes in them, taking diameter of hole — " larger than 
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diameter of rivet, to allow for injury to metal by punching rivet 
hole. The arrangement of holes punched in webs is according to 
standards of American Bridge Co, Maximum safe tensile stress of 
8 tons per square inch of least net area of cross-section of webs 
only, is allowed. This tensile stress is here assumed to t>e resisted 
by the webs alone, since the flanges are not connected by rivets and 
cover plates. Fig. 520. 

The table gives the maximum safe tensile stress in tons for two 
channels from 3" to 18" depth, in the standard weights. 

611. Exui^>le. — 70 tons tensile stress in the member. 

By Table C, 2, 9" 25 * channels would suffice and would be lightest 

612. Table D. — ^Two stcfl channels in tension, riveted through 
both webs and flanges. Standard punching of American Bridge Co. 

Deduction for area of rivet holes in any cross-section is 

made, taking diameter of hole — " larger than diameter of rivet, 

as before. This construction is preferable and more economical 
for spliced channels in tension, since the flanges are made to resist 
their part of the stress. 

S13. Exan^e. — 70 tons tensile stress as before. 

By Table D, 2, 8" 21 --- * channnels would suffice and should 
be used. 

614. TaUe E. — Two steel angles in tension, with wide legs 

alone riveted, -r-" rivets. 
4 

The tensile stress is here assumed to be home by the wide flange 
only, omitting the projecting portion of the narrow leg. Standard 
punching and deduction for rivet holes as before. Special angles 
are indicated by a star and should be avoided, except for a large 
order and extended time, or when found in stock. 

The upper figures give the maximum safe tensile resistance in 
tons. 

The lower figures give the weight of the two angles in lbs. per foot. 

S16. Ezan^de. — Tensile stress of 35 tons acting in the member. 

By the table several different sections are found to suffice; 2, 6"X 

4 X ~", 36.2# ; 2, 6 X 3^ X ^", 34.2# ; 2, 5 X 3 ^ X J|", 
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3ti.6#; 2,5X3 X— ",34.2#; 2, 4 X 3 X -7", 32# ;2, S-^ X 3 X 

lb 4 2 

7 3 

-^", 33.6 «. The lightest section would then be 2, 4 X 3 X -7-", 

32.0 # , but some other size might be in stock and more convenient, 
because delay would be avoided. 

616. Table F.^ — Two steel angles in tension, wide legs alone 
riveted, 7/8" rivets. 

This table b similar to the last, but the wide leg is weakened hy 
larger rivet holes; hence -7-" rivets are usually preferable. 

BIT. Etan^de. — Tensile stress of 35 tons as before. 

o 1 o 

By Table, 



would be lightest, as in the last example. 

618. Table G.^Two steel angles in tension, both legs riveted; 
•7-" rivets. This is usually most economical, since the resistance of 
both legs is utilized. The table is applicable to angles with equal 
or unequal legs, and it is used like Tables £ and F. 

619. Example.— Tensile stress of 35 tons as before. 

The table shows at once that 2, 4 X 3 X -^", 19.6 # , is the lightest 
section that could be used in this case, 

620. Table H. — Two steel angles in tension, both legs riveted; 



621. Example.— Tensile stress of 35 tons as before. 
The table shows that 2, 4 X 3 X y", 22.2 # , or 3 — X 
22.2 « , would be equally light and either might be used. 
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. COMPRESSION 



r 

^^^B Compressile stress lengthwise. Posts, struts, etc. 

^^H 622. Tables I and J. — Two steel channels latticed together on 

^^■flanges. The chaunels are spaced apart enough between webs to 

make the member equally stiff parallel or perpendicular to the webs. 

The minimum clear distance between webs is written just above the 

I right-hand end of the inclined line representing the channel in the 
tables. Art. 492. 
r The maximum safe compression is limited to 7 ton.s per sq. in. 
of cross-section in accordance with the Chicago ordinance. 
The channels are connected at end splices by web and flange 
cover plates, ao as to distribute compressile stress over the entire 
cross-section. No deduction is made for rivet holes in channels. 
Top and bottom flanges are connected by lattice bars, but not by 
plates. . 

Table I contains diagrams for pairs of channels; 18" special, 
15", 13" special, 12" and 3". Table J comprises the diagrams for 
pairs of 10", 9", 8", 7", 6", 5", 4", and 3" channels. 

At the left of each diEtgram is the maximum safe resistance in 
tons to compression; at the bottom is the length of channels in feet. 
A horizontal througli the stress intersects a vertical through the 
length at a [joint on or just below the line representing the channel 
to be used. The maximum safe length in feet is here limited to 10 
times the radius of gyration R° in inches, which is customary. 

623. Example 1.— Strut 17 ft. long is subject to 35 tons com- 
pression. Bv Tabic J, 2, 0", 13 » ; 2, 7", 12 — # ; 2, 8", 1 1 — « , 
4 4 

_ would suffice. 

The last pair are lightest and therefore most economical. 

524. Ezanqile 2. — A column is composed of 2 latticed channels, 

, IG — «, and it is required to safely support a vertical load of 

D tons. Required its maximum safe length. 
By Table J, this safe length = 19.0 feet. 
626. Tables K and L. — Two steel channels in compression are 

jiveted to —" gusset piate between them. 

( is evidently not an economical construction, but it may 
Uetimes be required because riveted connections are much simpler 
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TABLE J— TWO LATTICED CHANNELS 
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TABLE K— TWO CHANNELS WITH GUSSET 
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TABLE L— TWO CHANNELS WITH GUSSET 
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TABLE M— TWO ANGLES WITH GUSSET 
IF B F.K'u.** ' 
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than pin connections for roof trusses. These tables are constructed 
and used in the ^ame manner as the last two, but the safe length in 
feet is limited to 10 times the least radius of gyration R° of cross- 
section, and which is perpendicular to webs. No deduction for 
rivets. 

626. Eiample. — Stmt 17 ft. long under compression of 35 tons. 
Inspection of the table shows that 2, 13", 32 # channels, weight 64 If 
per foot are required, nearly three times as much weight as for 
a strut composed of two latticed channeb. No smaller sizes of 
channels could safely be made 17 ft. long when riveted to gusset 
plates. 

This surprising result shows clearly that it would be most eco- 
nomical to use latticed channels, or to design some mode of connect- 
ing them other than gusset plates. 

627. Tables M, N, and O. — Two steel angles in compression 



Table M is for angles with equal l^s with one or both legs riveted, 
respectively marked / F and B f at upper ends of vertical load lines 
of the diagrams. For 8 X 8" to 2 X 2" angles. 

Tables N and O are for angles with unequal legs, either with 
narrow leg, with wide leg, or with both legs riveted, respectively 
marked N F, W F, and B F at the upper ends of load lines of the 
diagrams. 

The scales of the different load lines of each diagram are 
varied, so that a single diagram for each angle may be used for 
either mode of rivetir^ at ends. No deduction is made for rivet 
holes. 

Length of member in feet is Iimite<l in the digrams to 10 times 
the least radius R° of its cross-section in inches, as usual. 

Maximum safe compression is here taken at 7 tons per sq. inch 
in accordance with the Chicago ordinance. 

It is usually most economical to rivet both l^B to the gusset 
plate, either directly or by means of a short piece of angle. Other- 
wise the wide leg should be directly riveted to it, 

628. Ezaoyde 1. — A strut 15 ft. long is subject to compression 
of 20 tons. 
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By Table M, 2, 6 X 6 X -^", 29.60, if both legs are riveted. 

', 34.4 If , if one leg is riveted. 

', 24.0 » , if both le«3 are riveted. 

', 36.6 « , if wide leg is riveted. 

', 48.4 H , if narrow leg is riveted. 

Table contains no angles that could be made 15 ft. long safely. 

Hence it would be moet economical to use 2, 5 X 3 — X -^" 

angles, 24.0 # per foot, with both le^ riveted. The economy in 
riveting lx>th legs of the angles is sufficiently evident. 

629. Ezattqile 2. — A strut Ls composed of 2, 5 X 3-^ XT^"an^e8 

and Ls required to safely resist a longitudinal compression of 20 tons. 
Itequired its maximum safe length. 

By Table N, 15.4 ft. with both legs riveted. 
14.3 ft. ivilh wide leg riveted. 
4.5 ft. with narrow leg riveted. 

630. Table P. — \Voo<ien points, strut.-;, or principals. For all 
wootl.s in common use, with loads up to 60 or 100 tons and lengths 
not (■x<'ec(iing 35 feet. 

Values of C in this table arc taken from the Tabic of Coefficients 
for Woods in C'haptci IX. Six eolumn.s at the left correspond to 
values for C of .■">0, .55, .60, .70, .75, and .80 ton compression endwise 
per s«i. inch. The scale in each column is so varied that each can 
Im; used fur the single diagram of sectional dimeasioas and lengths 
on the riftht. The safe lengths in feet arc limited to 2H times the 
Iea>!t side in inches, as usual. Initials of woods below. 

A horinontal through the load in tons, taken in the proper column 
for the kind of wood, intersects a vertical through the length in feet 
on or just below the inclined line representing the safe sectional 
dimensions. For woods with other coefficients, the dimensions can 
readily be found by interpolation. 

S31. Example 1. — A loi^Ieaf pine principal is required to safely 
resist a longitudinal conipreasion of SO tons. Its length between 
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apexes is 15 ft. C = .80 for longleaf pine. Taking SO tons in column 
headed .80, a horizontal intersects a vertical through 15 ft. below 
the inclined lines for 8 X 18", 10 X 14", 8 X 20", 12 X 12", etc. 
Hence the size most conveniently obtained will be 10 X 14", and it 
should be used. 

532. Ezamplo 2. — A white-pine post is 18 ft. in clear length and 
is required to safely carry a load of 45 tons. 

\aluc of C for white pin<' = .50, hence take column headed .50, 
By the table, a post 10 X 14'' or 12 X 12" will suffice. 

533. Tabla Q. — Wooden posts, ptruts, or principals. This is 
similar in construction to Table P, but ia arranged for greater loads 
from 65 to 450 tons, and for lengths up to 50 feet. It is used in the 
same manner. 

B34. Ezan^e 1. — A shortleaf pine principal is 25 ft. in clear 
lengtli and nmst safely resist a compression of 115 tons. 

By Table Q, its dimensions must he 14 X 18", 12 X 22" or 
' 16 X 16". Either the first or last would be used. 

636. Exanq>le 2. — A white-oak post i.s 20 ft. long and is 14 X 14". 
I Wh at is its maximum safe load in tons? 
^^VAccording to Table Q it will carry 116 tons. 

^^^ III. TRANSVERSE LOADS ON BEAMS, JOISTS, 
^ RAFTERS, ETC. 



636. Sectional Dimenaloni.— A very convenient series of diagrams 
for such structural members of wood or atecl shapes may be found in 
Winslow's Tables, which are also applicable to rafters and purlins 
of roofs. Diagrams for this purpose are not given here, especially 
since the simplified formulas given in Chapter IX are easily applied 
to any case and afford direct results. 

By these formulas are to be computed the minimum safe numerical 
values of the section modulus and of the section moment of inertia 
required for the member. The actual sectional dimensions of the 
member are then easily obtained from Tables R and S for wood, and 
from Cambria and Carnegie for steel shapi-s. 

637. Table R.^Section moduluses of wooden timbers. This 
table gives the value of section modulus — for each regular size 
of timbers from 1 X 2" to 21 X 24". 
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638. Table 8. — Section moments of inertia of wooden timbers. 
This table gives the numerical values of section moment of inertia 
/ for each regular size of timbers from 1 X 2" to 24 X 24". 

After obtaining the required numerical values of — and / by the 

formulas in Chapter IX, the proper sectional dimensions of the 
member are found by these tables. The horizontal width of a timber 
is found at the top, the vertical depth being at the left, correspondmg 

to the numerical values of — or / required. The safest dimensioas 

must be taken for use. 

639. Example 1. — Assume that — has been found to be 150 and 



For / : 3 X 16", 4 X 14", 6 X 14", 8 X 12", 10 X 12", would do. 

Either 6 X 14" or 8 X 12" may be used, the first being more 
economical, because 84 sq. ins. in cross-section instead of 96 sq. ins. 
It is now difficult and more expensive to procure timbers 18" or - 
more in dimensions. 

640. Xxanqde 2. — Assume a beam 10 X 12 ins. Required the 

corresponding values of — and /, 



For members composed of steel shapes, the required values of 
- and / are given in Cambria and Carnegie. 



Sections, find at the left the depth and weight of the shapes required 
to safely resist breaking; opposite numerical value of I in column I, 
find at left the depth and weight of shapes required for limited 
deflection. 

S41. Ezanqde 3. — Assume required values of — =35.0; of 7 = 215.0. 

For I-beams, — requires 1, 10" 30 * beam or 2, 9" 21 « beams. 
/ requires 1, 12" 31.6 #, or 2, 10" 25 # beams. 
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(Ch.iOI 



Since s single I-beam is in danger of coliapsing sidewise uolees 
stayed at several points in its length by other membeTs. it is often 
I necessary to use 2 I-ljeams connected by bolts and separators, 
' although less economical in weight and cost. 

For channeU 



"33«,or2, 12"20.5#. 
, or 2, 12" 20.5 « . 



- requires 1, 15' 
I requires 1, 15" 
In this case 2 channels would be preferable to 2 I-beams, : 
1 8 # per lineal foot wuuld be saved. 

r shapes have --'=--—" ---■ ' 



iufBcient values of — 

3 
542. Table T.— Rivet table for -r and 



" rivets 



This table 



is based on the safe resistance of rivets to single shear of 6 tons 
per square inch, and their safe resbtance to bearing of 12.5 tons 
per square inch, according to Chicago ordinance. 

The table gives the number of rivets required to transmit the 
given stress in tons, by single shear, when the plates connected are 
sufficiently thick to develop the full resistance of the rivet to shear, 
as well as the l)earing resistance of thinner plates. Diameters of 
rivets and thickness of plates are found at top, number of riveta 
required at the left, the maximum safe resistances in tons being given 
in the body of the table. 

B43. Exan^e 1. — A stress of 50 tons is to be transmitted from 

a mcmljcr compose*! of two angles to a gusset plate inserted between 



them. 



ivet-s. Ciusset - 



' thick. 



There is a single shear of— = 25 tons on each side of gusset. 
By Table T, 10, — " rivets, if legs are — " thick or more. 

12, -T-" rivets, if legs are — " Inch thick. 

15, — " rivets, if legs are — ' 



^^^^ The procedure is similar for 

I ployed only for very heavj' structures. 



egs — " thick. ^^^^^H 

-" rivets, which are usually^S^^B 
ires. I 
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614. Eunqde 2. laspecUon ot a Structure. — 5, 3—" rivets 

connect a member composed of 2, 3 — X 2 — X -r" angles to a 

-—' gusset plate. Required the maximum total safe stress that 

may be transmitted. 

By the table, 11.26 tons in single shear or 22.52 tons in double 
shear. If the stress in the member were greater, the stress in the 
rivets would exceed its safe limits. 

646. Table U. — For steel pins for connecting truss members at 
apexes. This table b based on a safe resistance to single shear 
of 6 tons per square inch, of safe resistance to bearing of 12.5 tons 
pwr square inch, and a maximum safe fibre stress of 12.5 tons per 
square inch, in accordance with Chicago ordinance. 

The table gives for steel pins from 1 to 6 ins. diameter their 
safe resistance to transverse single shear, to bearing per inch length 
of pin, and their maximum safe bending moments in inch-tons. 
After determining the single shear, bearing stress, and bending 
moment, the required diameter of pin is easily found by inspection. 

Finished sizes of pins are usually — inch less than rough sizes. 

646. Example. Fin Ccomection at Apex of Truss. — Assume 
single shear of 12,5 tons; bearing of 25 tons on one inch length of 
pin; bending moment of 15 inch-tons. 

By Table U, 1 — " pin to resist shearing. 

2 — " pin to resist bearing. 

2 — " pin to resist bending moment. 
Therefore a pin 2 -^" diameter is to be used. 

IV. WEIGHTS OF STEEL RODS, ETC. 

647. Puipose ol the Tables. — In estimating the weight of a 
wooden truss with steel rods resisting tension, it is necessary to 
carefully compute the weight of each rod, its upset ends, nuts and 
cast-iron washers. The weight of the latter varies inversely as the 
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12.50 


14.79 


18.07 


l« 


3.3S 


2.06 


8.06 


0.38 


11,25 


12 .84 


14.70 


17.27 


21.19 


Ji\ 


3.77 


2.18 


0.44 


11.04 


13.41 


15.13 


17.38 


20.41 


25.18 


Hi 


4.17 


2.90 


11.49 


13.33 


16.12 


18.20 


20.84 


24,53 30.08 


lA 


4,60 


3.90 


13.80 


16.02 


19,22 


21.76 


24.94 


29.32' 35.88 


IK 


5.05 


4.94 


15.60 


18.18 


21.88 


24.58 


28.05 


32.90J 40.16 


lA 


5.52 


5. 16 


17,74 


20.61 


24.93 


28.05 


32.03 


37.681 46.10 


IM 


6.01 


6.38 


20,71 


24.07 


29.83 


32.66 


37.29 


43.81, 53.50 


1,". 


6.52 


6.65 


23.74 


27.09 


32.75 


36.99 


42.09 


44.30 00.57 


15* 


7.05 


8.00 


26.40 


30.46 


36,81 


41.27 


47.18 


55.44 67.68 


IH 


7.60 


8.31 


31,47 


34.22 


41.29 


46.46 


63.05 


62.4l' 76.33 


IM 


8.18 


10.00 


32.63 


37.00 


45.74 


51.33 


69.02 


68.48' 84.05 


llJ 


8.77 


10.35 


36.07 


41.93 


50.78 


57.88 


65.20 76.66' 93.28 


178 


0.39 


12.40 


41.12 


47.72 


69.67 


64.75 


73.94 80.91 106.05 


Hi 


10.02 


12.80 


45.07 


S2,4S 


63,47 


71.26 


81.52 95,84117.19 


2 


10.68 


15.00 


49.13 


60.35 


68.91 


77.40 


89.5S 


103.91 126.90 


21$ 


12.06 


15.60 


58.26 


68.26 


82.97 


92.82 


106.51 


125.26 153,20 


2H' 


13.52 


18.60 


75.48 


82.21 


89.50 


110.59 


12S.I2 


150.98' 184,55 


2M 


15.06 


19.20 


79.64 


93.00 


112.92 


126.35 


145.57 


171.56'2!0.21 


2)4 


Ifl.fiO 


22.00 


M.85 


110.50 


133,57 


150.92 


173.05 


203.75:249.36 


2« 


18.40 


24.50 


109.25 


127.81 


155.21 


174.951 


200.99 


237.65 290.72 


2?i 


20.ig 


27.40 


126.99 


147.03 


180,79 


206.15 


233.65 


275.63338.18 


2J4 


22.07 


31.50 


147.17 


172.66 


204.74 


235.94 


270.47 


320.57 391.64 


3 


24.03 


32,20 


161,07 


189,87 


229.55 


258.82 


297.47 


S-W. 74 1432.93 



B48- Tftble V. — Weight of rods with upset ends, etc. This 
table gives in successive columns the weight of 1 ft. of rod, 
of 2 upset ends, of 2 nuts, and of 2 cast-iron washers for 
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values of C, varying from 0.30 to 0,10, for rods from '^ to 3 inches 

diameter. 

649. TaUe W. — Weight of rods without upset ends, etc. This 
table omits the column for weight of 2 upset ends, and contains 
the other columns of Table V, but the corresponding values in the 
table differ from the weights given in Table V, since the safe 
tensile strength of the rods of same diameter is less, nuts and washers 
are smaUer, etc. 

It is unnecessary to give examples of the application of these 
tables, since their use is self-evident. It will be illustrated in Chapter 
XIV on Computing Weights of Trusses. 
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CHAPTER XI 
DIMEMSIONING MEMBERS OF ROOFS AND TRUSSES 

660. General Remarks. — The dimensions of riifters and purlins 
arc obtained by the forraulaji of Chapter IX; those of truss membera 
by inspection of the tables of Chapter X, 

661. Probable Maximum Stresses. — In American practice, it 
is common to take the sum of the permanent, snow, and wind sti 
occurring in a member as the maximum stress in that member, 
dimensioning the member in accordance with this maximimi. This 
method was pursued in the stress sheets of the examples treat«l in 
Chapter IV. But the author believes it scarcely possible for tb^ 
maximum snow load and maximum wind load to act tt^ether on a 
roof at one time. Therefore it appears sufficient to dimension 
membera of the roof and of the truss for the maximum of the perm**' 
nent and snow or of the permanent and wind stresses, always taking 
the larger sura. Hence this system is followed in this chapter. 
Stresses produced by ceiling, crane, and other extra loads must be- 
added to this maximum. But if any one prefers to regard all loads 
as l>eing supported at one time by the roof, the maximum stresses, 
may be taken from Chapter IV', and the members be dimensioned ia' 
the manner explained in this chapter. Most of the examples 
sidered here are taken from Chapter IV. 

662. Example 1. A Wooden Truss with Extra Loads. — Resuma 
Example I of Chapter IV, a wooden truss supporting P, S, W, 
ceiling, ami crane loads, constructed of sbortleaf pine, exceptinj 
vertical steel rods. 



663. Sheatliing.- 



lally- 



thick. 



2 # (tin and paint) + 3 # (sheathing = 5 » ) = P load per 8 
ft. of roof. 

Cos 21.8° X 17.53 = 16.28* = S load per sq. ft. of roof. 
14.53 # = wind load per sq. ft. of roof. 

Let w' = component of maximum load acting perpendicular 
sheathing, 

w" = component of maximum load acting parallel 
sheathing. 
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Since the parallel component is resisted by the edgewise stiffneaa 
of the sheathing, it may evidently be neglected here. 

Then w' = cos 21.8° (5# + 16.28 «) = 19.76 #, which exceeds 
cos 21.8" X 5* + 14.53 = 19.17)((, and is therefore to be taken as 
the maximum normal or perpendicular component per sq. ft. of 
roof. 

Apply formulas 107 and 110 of Chapter IX. 

L = 51.6/ \l -. = 51.6 X .875 Jjj^ = 7.56 ft. between centres 
> u- \ 19.76 

of rafters. 

L = 1.44 ( Ij-, = 1-44 X. 875 'I'-S^ = 3.93 ft. between centres of 

rafters. 

Hence the safe resistance of sheathing to bending requires that 
the rafters be not set over 3.93 ft. on centres. 

664. Bafters. — 
2# +3* +3# (rafters) = 8 # = permanent load per sq. ft. of 
roof. 

w' = cos 21.8" (8# + 16.28 #) = 22.54* = maximum normal 
component of load. 

w" = sin 21.8" (8# + 16.28#) = 9.02« = maximum parallel 
component of load. 

a. Assume rafters to be 2 X 8, full size. 

Apply formulas 91 and 95 of Chapter IX. 

16000 FI 16000 X .55 X 21 



~ v/L^c 22.54 X 10.77= 

35.56i:/ 35.56X600X85 



= 70.7 ins. between centres of rafters. 
64.5 ins. between centresof rafters. 



b. Assume rafters to be 1 — X 7 — " (common dimensions in 
Western States iast«ad of 2 X 8), the ordinary size. 
16000^7 16000 X. 55X17 

' = -^vT = -22:54 X 10.77= =^^-2 ■"^- «" <^"^««- 

35.56 E I 35.56 X 600 X 79 ^„ „ . 
^ " — i ' i3 ~ = nn ct V, <»TT3 ~ ~ 60.0 ins. on centres. 
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c. AsRume rafters to be 2 X 6, full size. 
16000 F I 10000 X.5.nX 12 



40.4 ins. on centres. 



w'lJc ~ 22.54 X 10.77' 
_ 35.56 g/ _ 35. 56 X 600 X 36 
w'L' ~ 22MXl0.7r 

d. Assume rafters to be 1 — X 5 

_ 16000 f 7 _ 16 000 X .55 X 10 _ 

w'Uc' 22.54X10.77=" 

35.56 g/ 35.56 X 600 X 20 

w'L' ~ 22.54 X 10,77' 
Hence it U best to use 2X6 rafters, spaced 27" or 22" on centre^ 



27.3 ins. on centres. 



■rdinary size. 



* ins. on centres. 



= 22-0 ins. on centres. 



according to whether they are full or ordinary size. They are hera 
BASunied to be full size and set 27 on centres. 

The parallel component of the load = 9. 02 # and produce* 
longitudinal comprebsion in the rafter. 

w'Le 9.02 X 10.77 X 2.25' 

T''^°2x26o5 = — l'x"2o6o^~ = ^■^'^' '"° = '^"e'- 

tudinal compression at mid-length section of rafter. 

J 0.0547 „^„„, 

_. nntiAsn l — _, m]]f,]j.]|i comprcssion per sq. inch. 



And 



2X6 



= 0.00456 ton ■- 



Compute maximum deflection of rafter by thi 
formula : 

>' L' e 22.54 X 10.77* X 27 



following 



0.355 inch at middle. 

fibre stress at section. 



Apply formula 141 to determine 

0.00456 (l + -^^ ) = 0.00618 ton per sq. inch. 

Tlien F' = F - 0.00618 = 0.55 - 0.00618 = 0.54382. 
Apply formula Sit with value of F' instead of F. 
_/_ w'V'e 22.54 X 10.77' X 27 
e ~ 16000 f ~ 16000 X 0.54382 

But the actual value of — is 12 for the given section; hence 

rafter is entirely safe for both components w' and w". The paralHI 
component xb" of the maximum load on rafters may generally be 1 
neglected, excepting for unusually steep roofs. 
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S66. PurUns. — 
2* +3# +3# +3# (purlin) = IJ # = permanent load per sq. 
ft. of roof. 

w' = cos 21.8° (U# + 16.28#) = 25.33# = niaximim normal 
component per sq. ft. 

w" = sin 21.8° (11* + 16.28#) = 10.13# = maximum parallel 
component per sq. ft. 

656. Purlin Set with Sides Perpendicular to Roof Surface.— 
H" = Aw' = 161.55 X 25.33 - 4092* = 2.046 tons = normal com- 
ponent of load on purlin. 

W" = A w" = 161.55 X 10.13 = 1636* = 0.818 ton = parallel 
component of load on purlin. 

Apply formulas 77 and 80 to both components. 

For normal component W: 
I_ ^ 3Tf'L ^ 3X2.046X15 ^ 
c 2F " 2X.o5 

, 675 IF' V 675X2.046X15' _ „ ^ 
/ - ^-- - 600 - ^^^■°- 



For parallel component H'": 

_ 3W"L _ 3 X 0.8 18 X 15 

2F " 2 X .00 



- = 33.5. 



_ 675 W"L' _ 675 X 0. 818 X 15' 
' ' E - 600 ~ ^'"■"- 

For normal component W: 

By Table R: 4 X 12", 6 X 10", 10 X 8", would suffice. 

By Table S : 4 X 12", 6 X 12", 8 X 10", 10 X 10". 

For parallel component W". 

By Table R : 14 X 4", 12 X 6", 10 X 6", 8 X 6". 

By Table S : 14 X 6", 12 X 6", 10 X 8", 8 X 8". 

Evidently 6 X 12" would be sufficient for each of the four eases, 
if the resultant W of the components W and W" coincided with the 
major axis of the section of the purlin. But this is not the condition 
here, and a correction must be applied. Fig. 585 represents this 
method. 

Apply the method of correction given in Art. 476 of Chap- 
ter IX. 
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Ito ^Tg. 3KS, K L M N \s the cross-section of the purlin, its major 
boag X A' and minor axis Y >'. 

Laying oB C D = W = 2.046 tono, 
and DE = W" = 0.818 ton, E C is the 
line of action of their resultant W. By 
Table S. /^ = 864 and /, = 216 for & 
section 8 X 12". Make C B = 8&* and 
C // = 216 at any convenient scale. 
Draw fi A horizontal and H A perpen- 
dicular to E C. Join A C. and FG is 
the neutral axis of the section under 
these conditioas. Evidently the fibre 
stress at L and M i» greater than if the 
resultant W coincided with the ^t 
ith r Y. 









i"^ 


•^ 


i/ 


V 


-'1f\ 



iS.— Section of Puriiii 
X X and neutral axis F G 

Apply formula 145 to determine this raaximum fibre 



M^^"^) 



.75X151 



/2.(>46X12^.818X6\ 



Lh toe i^a^y 
= 0.576,whieh 



216 
exceeds the safe value oi F = 0.55 ton per square incb- 

Henee these purlins must be made 8 X 12". /^ = 11.52 and 



= 512. 



.,5L(iCi + 2p)=.,5XI5(?: 



=0.384. 



1152 ' 512 
Therefore a purlin 8 X 12" deep is entirely safe. 
667. Purlin wltii Sides Vertical. — For permanent and snow 



: 11# + 16.28* ■■ 
= 0. 



8 * per sq. ft. of roof surface. 



rW' = A Ml' = 161.55 X 27.28 # = 4407 # = 2.204 tons. ^H 
W"= Aw"= 161.55 XO = 0. ^1 

For permanent and wind loads: 
w' = 11 # + cos 21.8° X 14.53 # = 24.49 # per sq, ft, of roof sur- 
face. 

w"= sin 21.8° X 14..53S = 5.40 « per sq. ft. of roof surface. 
W = Aw' = 161.55 X 24.49S = 3956« = 1.978 tons. 
>p"= A w" = 161.55 X 5.40* = 872# = 0.436 ton. 

The purlin nmst safely resist both pairs of components W and 
W" acting at different times. 
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For permaneiit and snow loads: 
_/ 3W'L 3X2. 204X15 
c' 2F ' 2X.65 ~'"-^- 
, 675 B"i'. 675X2.204X15" .„ 
' ' ~E 600 - ^^• 

By Table R : 4 X 12", 6 X 10", 8 X 10", 10 X 8". 

By Table S : 4 X 12", 6 X 12", 8 X 10", 10 X 10". 

For permanent and wind loads: 

/ _ SW'L _ 3X_1.97S X 15 

c ~ 2F ~ 2 X .55 ^ '"*■ 

, 675 B"t' 675X1.978X15' ,„ 
I g ^ 500. 

I 3 W"L _ 3 X 0.436 X 15 _ 
c ~ 2F ~ 2 X .55 
, 675 W" V 675 X 0.436 X 15' 



- = 111. 

By Table R: 4 X 12", 6 X 10", 8 X 8", 10 X 8". 

By Table S: 4 X 12", 6 X 10", 8 X 10", 10 X 10". 

By Table K: 8 X 4", 10 X 4", 12 X 4". 

By Table S: 8 X 6", 10 X 6", 12 X 6". 

Evidently a purlin 6 X 12" will suffice for either case considered, 
unless the fibre stresses for permanent and wind loads exceed the 
safe limit of 0.55 ton per square inch. 

1.978 X 12 , 0.436 X 6\ 



.75 L \-j- + —J—) = .70 X lo^— 



216 /-''■"5^- 



Heace this size of purlin is amply safe. 
668. CeUing Joists. — These must be set 16" on centres to r 
laths and plaster, 
w = 10 # (laths and plaster) +2 « (joists) +3 « (floor) = 15 « per sq. ft. 

Apply formulas 89 and 93. 

J_ wVe ^ 15 X 15' X 16 ^ 

c 16000 f 16000X0.55 ' 

1 = "'^'^ = 1 5 X 15' X 16 ^ 

35.56 B 35.56X600 

By Table R; 2 X 6", or even 1 y X 5—". 
By Table S: 2 X 8", or even 1— X 7-^". 
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Hence these ceiling joists should be made 2 X 8", full or ordinary 
size. This provides for no live load on the floor, which is merely 
to protect the plastering. 

It69. Truss Members. — Resume the stress sheet of Example I 
of Chapter l\ and determine the maximum stress in each member, 
assuming that snow and wind loads are not supported at the same 
time. 

660. Uroer Chord. — Apply Table P, Fig. 583. Use column 
headed .60, since this is the value of C for shortleaf pine. 

Member A' 1: centre length = 10' 9—"; maximum stress = - 

55.9 tons; 10 X 12". This may be set with the 10" dimension 
vertical, in order to make the chords 12" wide horizontally, so that 
the lower chord need not be so deep, or the upper chord may best 
be made 12 X 12", to allow for boxing ends of web struts, holes for 
rods, for washers, etc. 

For convenience in framing and better appearance, the chorda 
are made uniform in section for their entire length. 

661. Lower Chord.— Apply formula 54, taking one-half coefficient 
T on account of splice. 

Member Y2: centre length immaterial; maximum stress= +51.1 tons. 

0.50 

Make the lower chord 12 X 18" for 
entire length, 

663. Web Struts.— Apply Table P, Fig. 583. 
Member 2 3: 

centre length = 10' !H""; maximum stress = — 5.0; 6 X 6", 
Member 4 5: 

centre length 12' "tt;"; maximum stress = — 6.2; 6 X 6". 
Member 6 7: 

centre length 15' 7—;"; maximum stress = —7.5; 8 X 8". 
Member 8 9: 
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663. Tab Ties.— Use Table B. 
Member 12; 

length immaterial; maximum stress = + 0.0; 1, 1/2" rod; ends 

not upset. 
Member 3 4 ; 

maximum stress = + 3.2 tons; 1, 3/4" rod; ends upset. 
Member 5 6; 

maximum stress = + 5.0 tons; 1, 15/16" rod; ends upset. 
Member 7 8; 

maximum stress = + 12.0 tons; 1, 17/16" rod; ends upset. 
Member 9 9'; 

maximum stress = + 20.6 tons; 1, 1 13/16" rod; ends upset. 
Althougli no stress appears in member 1 2, it actually supports 
one panel of the lower chord, and a half-inch rod is therefore used 
for it. 

664. Dtmmsicni Sheet for Exanqde 1. — 



Unnber. 


p-.i™i. 


5-.trw. W-nnf-'ci-mmm 

i 


Cr-Mre«i 


M..i- 


C-leneth. 


Dlmen- 


X I 


-15,6 


-16,6 - 9.0 


-14,7 


- 8.0 


-55,9 


10' 9H" 


12X12" 


X 3 


-14.3 


-14.3' - 7-8 


-13-1 


- 8.0 


-49,7 


10' 9H" 


12X12" 


X 5 


-12.6 


-12.6' - 6.5 


-11 4 


- 8.0 


-44,6 


10' 9H" 


12X12" 


X 7 


-10. S 


-10,8] - 5.3 


- 9.8 


- 8.0 


-39,4 


10' 9^" 


12X12" 


X 9 


- 9.0 


- 9.0| - 4,1 


- 8.1 


- 5.4 


-31,5 


10' 9H" 


12X12" 


Y 1 


+ 14.9 


+ 14.9 + 9.7 


+ 13.7 


+ 7.6 


+51.1 


10' 0" 


12X18" 


Y2 


+14,9 


+ 14.9;+ 9.7 


+13.7 


+ 7.6 


+ 51,1 


10' 0" 


12X18" 


Y 4 


+13.3 


+13,3 + 8,1 


+12.2 


+ 7,6 


+46.4 


10' 0" 


12X18" 


Y 


+11.7 


+11.7!+ 6,6 


+10-6 


+ 7,6 


+41 6 


10' 0" 


12X18" 


r 8 


+ 10,0 


+ 10,0 + 5.0 


+ 9.1 


+ 7.6 


+ 36.7 


10' 0" 


12X18" 


1 2 


+ 0,0 


+ 0,0 + 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


4-0" 


1,!^"R 


3 4 


+ 0.7 


+ 0.7'+ 0,6 


+ 1.8 


+ 0,0 


+ 3,2 


8'0" 


l,H"R 


5 6 


+ 1.3 


+ 1.3+ 1.3 


+ 2,4 


+ 0.0 


+ 5,0 


12' 0" 


1, ii" 


7 8 


+ 2,0| + 2.0' + 1.9 


+ 3.0 


+ 5,0 


+ 12,0 


16' 0" 


1, lA" 


9 9' 


+ 5,3 


+ 5,3 + 2,6 


+ 6.0 


+ 4,0 


+20,6 


20' 0" 


l.lH" 


2 3 


- 1.7 


- 1.7 - 1-7 


- 1.6 


- 0,0 


- 5,0 


10' 9M" 


6X6" 


4 5 


- 2,1 


- 2.1 - 2.0 


- 2,0 


- 0.0 


- 6,2 


12' 9tt" 


6X6" 


6 7 


- 2.6 


- 2.6 - 2.4 


- 2.3 


- 0,0 


- 7.5 


15' 7A" 


8X8" 


89 


- 3.1 


- 3.1 - 3.0 


- 2.9 


- 4,9 


-u.o 


18'10S3" 


8X8" 



666. Ezanqile S. A Wooden Tnisi. — Thb truss is similar to 
that of Example 1, excepting that the ceiling and crane loads are 
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[Ce.n 
P + W 
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^^^1 omitted, the truss only being required to support P + S 

^^^F loads at any time. 

^^^ Sheathing, rafters and purlins are unchanged from Example 1. 

I 666. Upper Chord.— 

I Member XI: 

^^L C length 10' 9—"; maximum stress -33.2 T; 10 X 10". 

^^^F Same section for entu-e length. 

^^^ 567. Lover Chord.^ 

Member Y 1 : 

maximum stress + 29.8 T; 10 X 12" for enlire length of chord. 
668. Web StrutB.- 
Member 2 3: 



C length 10' ^~r"i maximum t 
Member 4 5: 



3.4 T; 6 X 6" 



C length 12' t 
Member 6 7: 



le ' 



,L-. 



stress - 4.2 T; 6 X e 



maximum stress 



- .i.2 T; 6 X 8 

- 6.2 7"; 8 X 8". 



C length 15' 7 

Member 8 9: 

C length 18' 10—"; maximmn stress 

669. Web Ties.— 
Member 1 2 : 

maximum stress + 0.0 T; 1,— "rod; ends not upset. 
Member 3 4 : 

maximum stress + 2.0 7; 1,— "rod; ends upset. 
Member 5 6 ; 

maximum stress + 3,9 T; 1,— "rod; ends upset. 
Member? 8: 

maximum stress + 5.9 T; 1,— "rod; ends upset. 
Member 9 9': 

1 stress + 13.2 T; 1, 1:;^" rod; ends upset. 




Although no stress appears in the member 1 2, it actually supports 
one-half the weight of two panels of the lower chord, so that it is 

made — ". 

The dimenfiions just obtainctl for the members are next entered 
on the dimension sheet. 

670. Dimension Sheet tor Example 2. — 



Uambv. 


P-ttnta. 


S.^ 


^.^ 


M„^™. 


C-, 


ngtb. 


nim«,.i™. 


X 1 


-16 6 


-16.6 


- 9.0 


-33.2 


10' 


9J-4" 


10X10" 


X 3 


-14.3 


-14.3 


- 7,8 


-28,6 


10' 


9W" 


10X10" 


X 5 


-12.6 


-12.6 


- 6,5 


-25,2 


10' 


9M" 


10X10" 


X 7 


-10.8 


-10.8 


- 5.3 


-21.6 


10* 


9M" 


10X10" 


X B 


- 9-0 


- 9,0 


- 4,1 


-18.0 


10' 


9K" 


10X10" 


Y I 


+14.9 


+14,9 


+ 9.7 


+29,8 


10' 


0" 


10X12" 


r 2 


+14-9 


+14.9 


+ 9,7 


+29-8 


10' 


0" 


10X12" 


Y i 


+13-3 


+13.3 


+ 8.1 


+26.6 


10' 


0" 


10X12" 


Y 6 


+11.7 


+11.7 


+ 6.6 


+23,4 


10' 


0" 


10X12" 


Y 8 


+10.0 


+10,0 


+ 5,0 


+20-0 


10' 


0" 


10X12" 


1 2 


+ 0-0 


+ 0.0 


+ 0.0 


+ 0-0 


4' 


0" 


i,H"R 


3 4 


+ 0.7 


+ 0,7 


+ O.B 


+ 1.4 


8' 


0" 


1. W R 


5 6 


+ 1,3 


+ 1.3 


+ 1.3 


+ 2-6 


12' 


0" 


1, H"R 


7 8 


+ 2.0 


+ 2,0 


+ 1.9 


+ 4.0 


16' 


0" 


i.ii"R 


9 9' 


+ 5,3 


+ fi,3 


+ 2,6 


+10-6 


20' 


0" 


l.lA"R 


2 3 


- 1,7 


- 1,7 


- 1,7 


- 3-4 


10' 


9K" 


6X6" 


4 5 


- 2,1 


- 2.1 


- 2,0 


- 4.2 


12' 


9H" 


6X6" 


6 7 


- 2,6 


- 2.6 


- 2,4 


- 5-2 


15' 


7A" 


6X8" 


8 9 


-3.1 


- 3,1 


- 3,0 


- 6.2 


18' 


loH" 


8X8" 



671. Example 3. A Steel TrusB. — Resume Example 2 of this 
chapter and construct the same truss entirely of ateel angles. Same 
as Example 2 of Chapter IV. 

Sheathing, rafters, and purlins arc uufhanged. 

672. Changes in P j^ez Loads and P StreBses. — The steel truss 
ia somewhat lighter, and it is easily computed, so that the apex 
weight of tru8s= 1.310 ton for wooden and 1.249 ton for steel. Hence 
the P stresses in the last dimension sheet will be reduced in the 
proportion of 1.310 ; 1.249. These reductions are easily made by 
a slide rule and the revised P stresses are inserted in the dimension 
sheet for this example. The S and W stresses are unchanged. 

573. General Remarks on Its Constructioc^Each member of 
this steel truss is usually composed of two angles with unequal legs, 
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the wider leg being set parallel to the middle vertical plane of the 
truss. 

Each angle is assumed to be riveted through both legs, since this 

makes the lightest and most economical truss. Rivets — inch 

7 
diameter are used on trusses of 100 ft, span or less; — inch rivets 

on those of wider span and in heavy framing. Gusset plates are 

made of uniform thickness in a truss, not more than — " less in 

thickness than the diameter of the rivet, in order to develop it« full 
resistance to shear. In accordance with the Chicago ordinance, 
resistance of the rivot to shear is taken at 6.0 tons per square inch 
of area of cross-section for single shear; 12.5 tons oer square inch 
of its bearing area for bearing resistance. 

The memljers of each chord are best made of uniform dimensions, 
excepting that thickness of legs may be diminished with the stresses, 
using thin filters for equalizing, or crimping cover plates to fit the 
thinner aisles. 

No deductions for rivet holes are made in compression members; 

rivet holes are taken — " larger than diameter of rivet and are 

deductetl in all tension members, this deduction being already pro- 
vided for in the tables here arranged for dimensioning such tension 
memt)ers. At least two rivets are to be put in each member at a 
connection. 

All stresses in members are to be transmitted through the rivets, 
cover, and gusset plates at its ends, never by direct contact at ends of 
compre.s.sion members. 

Trusses must be designed and built in suitable parts for ship- 
ment and erection; later being connected by field rivets at the 
building. 

Rivets are to be staggered in the opposite legs to permit con- 
venient shop riveting. Chain riveting is preferable, whenever 
possible, for two rows of rivets in one le^. 

674. Upper Chord.— Use Tables M, N, and 0. 
Member X 1 : 

C length = 10' 9 --"; max, stress = - 32,4 T; 2, 5 X 3 X 7^". 
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Member XZ: 

C length = 10' 9—"; max. stress 27.9 T: 2, 5 X 3 X — '. 

4 Id 

Member X 5 : 

C length - 10' 9-7-"; max. stress = - 24.6 T; 2,5 X 3 X -g". 
Member X7: 

C length = 10' 9—"; max. stress = - 21.1 T; 2, 5 X 3 X g-"- 
Member X 9: 

•76- Lower Chord. — Use Table G. Avoid the use of special 
aisles marked *. 

Member Y 1: max. stress = + 29.1 T; 2, 5 X 3 X -j". 
Member Y 2: max. stress = + 29.1 T; 2, 5 X 3 X -g-". 
Member Y 4: max. stress = + 26.0 T; 2, 5 X 3 X -5-". 



Member Y 8: max. stress = + 19.5 T; 2, 5 X 3 X 75". 

Id 

576. W«b Btruti.— Use Tables M, N, and O. 
Member 2 3: 

C length = 10' 9j"; stress = - 3.4 r;2,3-^ X 2-|- X -|- 
Member 4 5 : 

C length = 12' 9^"; stress = - 4.1 r;2,4 X 3 X ~". 
Id lo 

Member 6 7: 

C length = 15' 7 ^"; stress = - 5.1 T; 2, 5 X 3 -^X ^". 

Member 89: 

13 3 

3.1 r;2,6x4 X-^''- 



32 
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677. W«b Ties. — Use Table G. Avoid special angles marked *, 

Member 1 2: masomum stress = +0.0T; 2, 2 X 2 X tt:". 

16 

Member 3 4: maximum stress = + 1.4 T; 2, 2 X 2 X t^". 
Member 5 6; maximum stress = + 2.6 7"; 2, 2 X 2 X t^". 
Member 7 P ; maximum stress = + 3.9 T: 2, 2 X 2 X 7:;". 
Member 9 9': maximum stress = + 10.3 T; 2, 22" X 2— X ". 

678. Staule Shear Rlvati in One End of Member. — Use Table 
T, and insert proper number in dimension sheet. 

679. Dtmensim Sheet for Exanqile 3 Constnicted tai SteeL — 



u^ 


P-nnm. 


.^~. 


ir-.tn». 


Mui- 


C-l 


=rh. 


r<»™.™. 


^. 


X 1 


-15.8 


-16.6 


- 9.0 


-32.4 


10' 


"9^ 


2, 5X3 X A" 


13 


X 3 


-13.6 


-14.3 


- 7,8 


-27.9 


10* 


9Ji" 


2, 5X3 X A" 


11 


X 5 


-12,0 


-12.6 


- 6 5 


-24-6 


10- 


9H'- 


2,5X3XM" 


10 


X 7 


-10.3 


-10-8 


- 5 3 


-21-1 


10- 


9K" 


2,5X3XH" 


8 


X 9 


- 8.6 


- 9.0 


— 4.1 


-17.6 


10' 


9K" 


2, 5X3 X A" 


7 


Y 1 


+ 14.2 


+ 14.9 


+ 9,7 


+29.1 


10' 


0" 


2,5X3X?^" 


11 


Y 2 


+14.2 


+ 14,9 


+ 9,7 


+29,1 


10' 


0" 


2,5X3xH" 


10 


Y 4 


+ 12.7 


+ 13.3 


+ 8.1 


+26.0 


10" 


0" 


2,5X3X?^" 


9 


Y 6 


+ 11.2 


+ 11.7 + 6.6 


+22.9 


10- 


0" 


2,5X3XS^" 


8 


Y 8 


+ 9.5 


+ 10,0, + 5,0 


+ 19-5 


10' 


0" 


2,5X3xft" 


8 


1 2 


+ 


+ 0.0;+ 0-0 


+ 0-0 


c 


4" 


2,2x2xA" 


2 


3 4 


+ 0.7 


+ 0-7 + 0.6 


+ 1-4 


8' 


0" 


2, 2X2 X A- 


2 


5 6 


+ 1.2 


+ 1.3 + 1-3 


+ 2.6 


12' 


0" 


2, 2X2 X A" 


2 


7 8 


+ 1,9 


+ 2-0,+ 1,9 


+ 3-9 


16' 


0" 


2,2X2XA" 


3 


9 0' 


+ 5,0 


+ 5.3 


+ 2-6 


+10.3 


20' 


0" 


2,2MX2HxK" 


5 


2 3 


- 1.6 


- 1.7 


- 17 


- 3,4 


10' 


9H" 


2,3WX2MxJi" 


2 


4 5 


- 2.0 


- 2,1 


- 2,0 


- 4-1 


12' 


9H" 


2,4X3XA" 


2 


6 7 


- 2.5 


- 2.6 


- 2.4 


- 5-1 


15' 


7A" 


2,5X3HxA" 


2 


8 


- 3.0 


- 3.1 


- 3.0 


- 6.1 


18' 


lOM" 


2,6X4XH" 


3 



680. Example 6. — A steel Fink truss. 

681. Qeneral Remarks. — Resume Example 5 of Chapter IV. 
This is a Fink truss of 128 ft. span with 16 panels; rise of upper 
chord 25.6 ft.; of lower chord at middle 2.0 ft. This truaa will 
require expanuon rolls at one end. Three different methods of 
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construction are worked out here for comparison of their economy 
in Chapter XIII. 

SS2. A. — Upper chord composed of 2 latticed channels spaced 
apart to make it equally stiff in both directions, Web struts are 

each made of a pair of angles riveted to a — " gusset eye-plate at 

each end with hole for pin. Lower chord and web ties are each 
composed of a pair of round steel rods with loop-welded eyes at entb, 



683. B, — Each member is composed of a pair of angles with 
— " gusset plates and riveted connections at all apexes. 

684. C. — Upper chord consists of 2 channels riveted directly to 

—" gusset plates; all other members are composed of a pair of 

angles; all connections at apexes to be riveted. 
7 
686. Sheathing. — White pine — " matched sheathing covered 

by painted tin roof. 

ui' = cos 21.8° (2 # -h3 # -1-25 « cos 21.8°) = 26.19 # per sq. ft. normal. 
w" = sin 21.8° (5« -|- 25# 003 21.8") = 10.48 # persq. ft. parallel. 
til" is resisted by edgewise stiffness of sheathing and may be neglected, 
Apply formulas 107 and 1 10. 

L = 51.6 (. I ^, = 51.6 X. 875^1 M^= 5.62 ft. on eentreaof rafters. 

L = lMtl\-,= 1.44 X .875 'I ;J^= 3.37 fi. on centres of rafters. 
\ M) \ J6.iy 

Then space rafters 3 ft. on centres. 
686. Rafters. — Each a steel channel (Art. 469). 
w' = cos 21.8° (2 -I- 3 -I- 4 -I- 25 cos 21.8") = 29.92 « per sq. ft. of 

roof. 
w" = sin 21.8° (2 -I- 3 -1- 4 + 25 cos 21.8°) = 11.96 # per sq. ft. of 
roof. 
Apply formulas 97 and 101 for steel rafters. 
L ^ ^^J±J. - 29'92 X 8.6 2' X 36 _ 
c ~ 128000 " 128000 ' 

' U e 29.92 X 8.62' X 36 



= 0.63. 



/ = 



515556 



515556 



= 1.3^ 
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1.19 
compression. 

W = ^-^^ ^JJ^ ^'^^ = 0.387 ton = tota! normal load on 

rafter. 

22.5 W'L" 22.5 X 0.387 X 8.62" „„„ - ^ _, ^ ■ 
A = — ^— = 14500X1.6 '^•^^ ""^'^ ^"^"'"*° 

at middle. Then .0773 (l + ^) = 0773 (l + ^ ^ 3'^^ ) = 

0.1146 ton per sq. inch = maximum fibre stress at mid-length of 

rafter (Art. 470). 

And 8.00 - 0.1146 •= 7.8854 - maximum safe value of F for 

rafter- 
Apply formula 77 with this value for F. 
I ZW L 3 X 0.387 X 8.62 



2 F 2 X 7.8854 



= 0.635. 



resist both the normal component W and the parallel component W" 
acting on the rafter. 

S67. Purlins. — Composed of 2 steel channels, latticed together 
{Art. 472). 
w' = cos 21 .8° (2 + 3 + 4 + 3 + 25 cos 21 .8°) = 33.47 # per sq. ft. 

of roof, 
w" = sin 21.8" (2 + 3 + 4 + 3 + 25 cos 21.8°) = 13.07 # per sq. ft. 

of roof. 
W = A w' = 137.02 X 33.47 = 4616 « = 2.308 tons = normal 

component. 
W" = Aw" = 137.92 X 13.07 = 1803 « = 0.902 ton = paraUel 

component. 
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Apply formulas 83 and 86 (Art. 471). 
For normal component of load on purlin: 

/ ZW'L 3X2.308X16 „ „„ 
7 = ~[6- 16 = ^■^^■ 

I = .0466 W J} = .0466 X 2.308 X 16= = 27.6 
For parallel component of load on purlin: 

L 

c 

I = .0466 W" L- = .0466 X 0.902 X 16= = 10.8. 
Since 2 channels compose each purlin, each chamiel is required to 

have half the values of — and of / corresponding to W. Hence two, 

7" 9.75 # chamiels will suffice for the purlin. According to Table J, 
they should be spaced 4 1/4" apart to have equal stiffness in both 
directions. 

Formula 145 should then be applied to determine whether the 
maximum Ebre stress exceeds the safe limit of 8.00 tons per sq. inch 
(Art. 476). 

(W d W"b \ ^ 

7s's^ .. / 2.308 X 7 , 0.902 X (4.25 +2 X 2.09) ^ 
■^^^^^V2 X21.1 + 2X2I.I ) - 

6.71 tons per aq. inch. Hence this purlin is amply safe. 

(89. Calculation of Exact Lengths of Trass Hembars. — These 
lengths are computed in the same manner as those of the Fink 
truss treated in Chapter VII, from which these dimensions are 
taken. 



..l{^ 



Total length of principal = V 64* + 25.6' = ( 

g 
Half length of principal = 34' = 34' 5 — ". 

Eighth length of principal = 8' 7 -r-". 



Total length of half lower chord = V64»+2' = 64'0-7 
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And i" between principal and lower chord = 21° 48' 5" - 
47' 24" = 20" 0' 41". 



And 3 4 = 1112 = half 7 8 = 6' 3 ^". 

12 = 56 = 9 10 =13 14 = one-fourth 7 8 = 3' 1 -^ 
LengthofK 1 + YZ+ Yl = 



V(34'59/16")'+(12'6 17/32")* =36'8^ 



32 

ri5 = 64'0|"-36'8|' = 27'4|". 
15 15 = 25.6' - 2'= 23.6' = 23' 7 ~". 
ri=23 = 45 = 47 = 67 = 89 = 8U = 1011 = 12 

13 = 1215 = 14 15 = 9' 2:^ 



689. Upper Chord. — Sections of the members are determined by 
Table J. Assuming that only one splice is made at middle of each 
principal, we obtain the following: 

Member XI: C length = 8' 7-^"; max. stress - 60.8 tons; 2, 

9" 15 # channels, spaced at least 5— ins. apart and latticed on 

flanges. Uniform cross-section for entire length of upper chord. 

690. Lover Chord. — Composed of pairs of loop-welded eye- 
rods. 

Apply Table B to determine diameters of rods. 
Member Y I : 

max. stress + 56.5 tons; 2, 2-^" rods; ends flatted to 2". 
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Member Y 3: 

max. stress 

Member Yl: 

max. stress + 44.9 tons; 2, 2 —' rods; ends flatted to 1 t"- 
' ' 4 4 

Member F 15: 

max. stress + 29.7 tons; 2, 1 TT"rod8: ends flatted to 1 tt". 
16 lb 

691. Web Struts. — Apply Tables M, N, and 0; angles being 

riveted through wide legs only. 

Member 12: 

" . <^~^<. Oft tnoD • fi f} -^ t V 



Member 5 6 : 

ex. = 3' 1 -^"; stress - 2.6 tons; 2, 2 X 2 X tt" Le. 
8 16 

Member 7 8: 

C.L.- 12' eg"; 
Member 9 10: 



Member II 12 



C.L. = 6' 3^"; stress 5.2 tons; 2, 2 -^ X 2 X x" Lb. 



Member 13 14: 



Apply Table T to determine number of single shear -5-" rivets 

required in each end of each web strut. Wide leg only la riveted to 

— " gusset plate with hole to receive pin at connection. 

692. Web Tlei. — ^Apply Table B again to determine diameters of 
rods. 
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Member 2 3: 

11 9 

stress = + 3.8 tons: 2, — " rods; ends flatted to — ". 
Id lo 

Member 4 5: 

11» 
J.» tons; :; 

Member 4 7 : 

stress = + 7.8 tons; 2, 1" rods; ends flatted to -^". 
Member 6 7: 

stress = + 1 
Member 8 9: 

stress = + 1 
Member 811: 

stress = + 7.8 tons; 2, l"rods; ends flatted to —". 
Member 8 15: 

R "J tnTid- O \ 

Member 10 11: 

II 9 

stress = + 3.8 tons; 2, z-r" rods; ends flatted to rrz". 
16 16 

Member 12 13: 

11 9 

stress = + 3.8 tons; 2, — " rods; ends flatted to—", 
lo 16 

Member 12 15: 

stress = + 23.1 tons; 2, 1 — " rods; ends flatted to 1 — ". 
Member 14 15: 

stress = + 2 
Member 15 15: 



These results are collected on the dimension sheet for this Ex- 
ample (o A), 
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093. DinwDBlon Sheet tor Sxample 6 A. — 





C-Umtth. 


— 


^^ 


a: 1 


-25.7: -35.1 -14.7 -60,8 


8' 7H" 


3,9" 15 « C. 




A' 2 


-25 3-34.5 -14.7 -59.8 


S'7H" 


2,9" 15 « C. 




X 5 


-24-9 -33.9 -14.7 -58.8 


8'7H" 


2,9" 15 id C. 




A- 6 


-24.4,-33 2 -14,7 -57,6 


8' 7H" 


2,9" 15 « C. 




X 9 


-24.0 -32.7-14.7-56,7 


8' 7%" 


2,9" 1S« C. 




X 10 


-23.5' -32.1 -J4.7 -55.6 


8' 7H" 


2,9" 15* C- 




X 13 


-23 1 -31,5 -14,7 -54.6 


8' 7H" 


2,9" 15* C. 




X 14 


-22.7 -30,9' -14,7 -53,6 


8' 7%" 


2,9" 15 # C. 




Y 1 


+23.9 +32.6 +16.4, +56.6 


9" 2 A" 


2,2!^" R. 


2" 


Y 3 


+22.3 1 +30.4 i +15.4: +52.7 


9'2A" 


2,2H" R. 


I'A" 


r 7 


+ 19.0 1 +25.9 +12-2 +44.9 


18' 4 A" 


2,2H" R. 


W 


Y 15 


+12,71 +17-0^ + 8,2 +29.7 


27' 4 A" 


2,lH" R. 


lA" 


1 2 


- 1.1, - !.5i - 1-0| - 2.6 


3' iH" 


2,2X2XA"L. 


Sriveta 


3 4 


- 2.2 - 3-0 - 2,0 - 5.2 


6' 3*" 


2,2^X2X!4"L. 


4riveta 


5 6 


- 1,1! - 1.5 


- \.Q- 2.6 


3'lH" 


2,2X2xft"L. 


3 riveta 


7 8 


- 4.31 - 6.1 


- 4.1, -10.4 


12'6ii" 


2,4X3xft"L. 


iriveta 


9 10 


- l-l| - 1,5 


- 1.0 - 2.6 


3' iH" 


2,2X2XiV'L. 


3 riveta 


11 12 


- 2,2 - 3.0 


- 2,0 - 5.2 


6' 3A" 


2,2HX2XH"-L. 


4 riveta 


13 14 


-11- 1.5 


- 1.0 - 2.6 


3' l%" 


2,2X2Xft"L. 


SriveU 


2 3 


+ 1.61 + 2.2 


+ 1,5, + 3-8 


9' 2 A" 


2, H" R. 


A" 


4 5 


+ 1.6 + 2-2 


+ 1.5' + 3-8 


9' 2 A" 


2, H" R. 


A" 


4 7 


+ 3.3 


+ 4.5 


+ 2.9I+ 7.8 


9- 2 A" 


2, 1" R. 


H" 


67 


+ 4.9 


+ 6.7 


+ 4.4. +11.6 


9' 2 A" 


2, lA" R. 


«" 


8 9 


+ 4.9 


+ 6-7 


+ 4.4 +11-6 


9' 2 A" 


2,1 A" R. 


«" 


8 11 


+ 3.3 


+ 4-5 


+ 2.9 + 7.8 


9' 2 A" 


2, 1" R. 


H" 


8 15 


+ 6,3 


+ 9.0 


+ 6,0' +15.3 


18' 4 A" 


2,1 A" R. 


lA" 


10 11 


+ 1.6 


+ 2.2 


+ 1.5. + -3. 8 


9'2A" 


2. H" R. 


A" 


12 13 


+ 1-6 


+ 2.2 


+ 1.5 + 3,8 


9'2A" 


2, H" R. 


A" 


12 IS 


+ 9.6 


+ 13,5 


+ 8.9 1+23, 1 


9' 2A" 


2, iH" R. 


1,V 


14 IS 


+ 11.2 


+ 15.6 


+10.4 +26.8 


9'2A" 


2, 1?^" R. 


Hi" 


15 15' + 0.9 + 1.0 


+ 0.5+ 1.9 


23' 7 ft" 


1, tt" R. 


A" 



694. B. — Truss members entirely composed of pair of armies 
with gussctB and riveted fonnections at all apexes. Both legs of 
angles riveted. 

Sheathing, rafters, and purlias are unchanged from Example 4 A. 

696. Upper Chord. — Apply Table N for determining sections of 
members. 

MemberX l:8tres8= - 60.8 T; C.L. 8' 7^"; 2, 6 X 4 X-j^" Ls. 
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!H 


^H MemberX 2:«lreaB = - 59.8 T; C.L. 8' 7~"; 2,6XiX~ 


'U. 


^H Member X 5: Btreas - - 58.8 T; C.L. 8' 7-|": 2, 6 X 4 X ■^' 


Ls. 


^H Member X 6; stress - - 57.6 T; C.L. 8' 7-1"; 2, 6 X 4 X ^ 


Le. 


^f MemberX 9:atreaa = - 56.7 T; C.t. 8' 7-|";2, 6 X 4 X y 


'L«. 


MemlierX 10: stress- - 55.6 T; C.t. 8'7-|";2, 6 X 4 X ~ 


Ls. 


MemberX 13: stress - - 54.6 TiC.L. 8' 7-|";2,6X4 X -|- 


'Le. 


MemberX 14: stress- - 53.6 TiCt. 8'7|-";2,6 X 4 X -j 


'Le. 


Upper chord is spliced at middle apex of prmcipal only. 1 
members. ■ 


Member 1' 1 : stress - + 56.5 T; 2, 6 X 3~ X ^" Ls. 


1 


Member Y 3 : stress - + 62.7 T: 2, 6 X 3-i- X ■^" La. 
^ lb 


1 


Member !' 7 : stress - + 44.9 T; 2, 6 X 3 -j X ^" Ls. 


1 


Member Y 15: stress = -(- 29.7 T; 2, 5 X 3 -2" X t^" Ls. 


1 


Lower chord is spliced at 5 apexes as shown in details. . 


1 


597. Web Struts.— Apply Tables M, N, and 0, as required. U 

Member 12: J 


stress - - 2.6 T; C.L. 3' 1 -|"; 2, 2 X 2 X ~" Ls. 


1 


Member 3 4: 


J 


stress- -5.2r;C.j:,.6'3|"i2,2-l-X^"Ls. | 
Member 5 6: 


m 


stress- -2.6T; C.t.3'l-|"; 2,2X2 X:^"Ls. 


^ 


Member 7 8: 


^ 


stress - - 10.4 tons: C.L. 12' Oj-"; 2, 4 X 3 X ^" M 




uiyiLi^H. Liy ^.w 


^a*^ 
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Member 9 10: 



Member 11 12: 

stress = - 5.2 tons; C.L. 6' 3 — "; 2, 2 — X 2 X 7g" 



Member 13 14: 



698. Web TleB.— Apply Table G. 



Member 4 5: stress = 
Member 4 7: stress = + 7.8 tons; 2, 2y X 2 X -7-" La. 
Member 67: stress = + 11.6 tons; ^.'Z-^X ^ X-y"L8. 
Member 89: stress = + 11.6 tons; 2,2— X 2— X -7" ^■ 
,1 „ 1 » . 



Member 12 13: stress = + 3.8 tons; 2, 2 X 2 X t 



Member 15 15: stress = 

Member 15 15: stress = + 1.9 tons; 2, 2 X 2 X t^" Ls. 

16 

Table T is used for determining the number of single shear rivete 
to be used in each end of each member of the truss. 

The results are collected on the foUowii^ stress sheet. The 
columns for P, S, and W stresses are omitted, being the same as in 
Case A. 
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699. DimandMi 8he«t tor Izample S B. — 



UombH. 


Mmiimum 


Clendh. 




3. 8. riwu. 


X 1 


-60.8 


8' 75^' 


2, 6X4 X ft" 


23 


X2 


-59.8 


8'7JS'' 


2,6X4XA' 


23 


X 5 


-58,8 


8'7Ji' 


2, 6X4XA' 


23 


X 6 


-57.6 


8'7V 


2, 6X4 X ft' 


22 


X 9 


-56,7 


8' 7%° 


2, 6X4XH' 


22 


X 10 


-55.6 


8'7J^' 


2, 6X4XJ^' 


21 


X 13 


-54.6 


8'7V 


2,6X4XJ^' 


21 


X 14 


-53.6 


8' 7H' 


2, 6X4XM' 


21 


Y 1 


+56,5 


9'2A'' 


2, SXSHxA* 


22 


Y3 


-1-52.7 


9' 2 A" 


2, 6X3Mxft' 


20 


Y 7 


+44,9 


18' 4 A" 


2, 6X3Mxft' 


17 


Y 15 


+29.7 


27' 4 A' 


2, 5X3 X ft* 


12 


1 2 


- 2.6 


3'1^^ 


2, 2X2xft" 


2 


3 4 


- 5,2 


6'3A" 


2,2>^X2xA' 


4 


5 6 


- 2,6 


3' 1%' 


2, 2X2xA' 


2 


7 8 


-10,4 


12'6iJ' 


2, 4X3xft" 


4 


g 10 


- 2,6 


3' ly,' 


2,2X2XA" 


2 


11 12 


- 5,2 


6'3A- 


2,2HX2xft" 


4 


13 14 


- 2.6 


3'1^' 


2, 2X2xft" 


2 


2 3 


+ 3,8 


9' 2 A' 


2, 2X2xft" 


3 


4 5 


+ 3,8 


9' 2 A' 


2, 2x2xft'' 


3 


4 7 


+ 7-8 


9' 2 A' 


2,2J^X2X^' 


4 


6 7 


+11.6 


9'2A- 


2, 2HX2HXJi" 


6 


89 


+11.6 


9' 2 A" 


2,2HX2^XH' 


6 


8 11 


+ 7-8 


9' 2 A' 


2, 2^X2X^4" 


4 


8 15 


+15.3 


18' 4,'.'' 


2.3HX2HXH" 


7 


10 11 


+ 3,8 


9' 2 A' 


2.2X2xft'' 


3 


12 13 


+ 3,8 


9'2A'' 


2, 2X2xft* 


3 


12 15 


+23,1 


9'2A' 


2,31^X2HXJ^' 


9 


14 14 


+26.8 


9' 2 A' 


2. 33^X2HXft' 


11 


15 15' 


+ 1.9 


23'7A- 


2, 2X2xft'' 


2 



600. Crupper chord composed of two channela riveted to 
5/8" gussets. 

Apply Table L to determine section of upper chord. 
Member X 1: stress = - 60.8 T; C. L. 8' 7 -|"j 2, 10" 20 # 
channels. 

This section is used for the entire lei^h of each principal. The 
remaining members of the truss have the dimensions obtained in 
Case B and entered on the last stress sheet. 
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The comparative economy of the three methods of construction 
for this Example 5 will be considered in Chapter XUI. But it 
appears probable that that used in f'aso B la simplest and most 
economical. Since the only difference in Case C from B ia in the sec- 
tion of the upper chord, it Is not necessary to make out a stress slieet 
for Case C. 

001. Exinqilo 10. A Steel Semicircular Crescent Tniag.^ 
Resume Exiinipie 10 of Chapter IV, modified as follows: 

602. Oeneral Bemarki. — The form of this truss ia changed from 
that shown in Fig. 518, in which the radiala are drawn to the centre 
of upper chord, to that later given in Fig. 432, where both the upper 
and lower chords are each divided into 14 equal parts, the rudiala 
and diagonals then connetrting their apexes. 

This change in type of truss does not affect the loads, which 
remain as given in Chapter IV, but it requires new P. S, and W 
stress diagrams to be drawn, thus slightly changing the atresa in tlv? 
members, which becomes evident by comparing the stress sheet 
given in Chapter IV with tliat here given for the modified tru.s.«. 

Centre lengths of all memliers are computed for this modified 
truss in Chapter VII, from which they are here taken. 

Since several purlins rest on each member of the upper chord, 
these members must sustain a - bending moment in addition to 
longitudinal compression. 

Two different metho<ls of construction of this tru.ss will be 
examined. 

603. A. — All members of each chord are straight between apexes. 
This requires a splice to be made at each apex, and the wooden 
purlias must be set with radial sides and their out«r or upper edges 
in a semicircle to receive the sheathing bent over them, which runs 
parallel to the upper chonl. Tliis is easily arranged by blocking out 
their ends on the chord, or l>etter by pro])erly Imxing the ends down 
on the chord. 

604. B. — All members of the chords are curved to the proper 
semicircle to directly receive the purlins. This may have a better 
appearance, but is more troublesome in practice, and the sections 
of the members must !» changed to allow for the moment produced 
by curvature of the niemt)er. Those of the upper chord will lie a 
little lighter, and those of the lower chord slightly heavier, as appar- 
ent on exiiminatiun of the dimension sheets. 
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606. Sheathing.— Formulas 107 and 110 for the maximum 
safe span of sheathing may be simplified for this example as 
follows: 

IJO 37.78 



51.6 i 
1.44 i 






51.6 X .875. 
1.44 X .875. 



■1700 1 



Therefore - 



11.18 5 

Vit 

a. At apex A . 

w' = cos 90" (2 + 4) + 40 = 40 lbs. per sq. ft. 

37.78 37.78 37.78 
,— ^ = ,— = „„ = 6.00 ft. on centres of purlia;;. 

11.185 11.185 11.185 
'Vt? ~ *V40 " 3.42 
11.247 
3.28 

b. Apex B. 

w' = cos 77.2° (6) + 40 = 41.3 lbs. per sq. ft. P and H^ loads. 
w' = cos 77.2° (6) + 10 cos 77.2° = 2.7 lbs. per sq. ft. P and S. 

The larger value of w' is to be taken. 

37.78 37.78 37.78 

vp = "virr = 6l3 = ^-^ "■ ™ ''^''^''' "f ^'^^"^'■ 

11.185 _ 11.185 _ 11^185 
'yl'iP ~ 'ViO ~ 3^6 ^ ' 

c. Apex C. 
w' = COB 64.4° (6) + 40 = 42.6 lbs. per sq. ft. 

By formulas, 5.79 and 3.21 ft. on centres of purlins. 

d. Apex D. 
w' = COS 51.6° (6) + 40 = 43.7 lbs. per sq. ft. 

By formulas, 5.72 and 3.18 ft, on centres of purlias. 

e. Apex E. 



■- 3.28 ft. on centres of purling, 
s per panel, say 4. 



= 3.24 ft. on centres of purlins. 



w' = cos 38.7° X 6 + -: 



- 39.1 lbs. per sq.ft. 



By formulas, 6.05 and 3.30 ft. on centres of purlins. 

/. Apex F. 

w' = cos 25.8° X 6 + |- 25.8° = 28.3 lbs. per sq. ft. 
By formulaa, 7.11 and 3.67 ft. on centres of purlinjs. 
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This panel might have three spaces, but four would make a better 
appearance. 
g. Apex G. 

w' = co8 13.0° X 6+|- 13.0' = 17.4 Iba. per sq. ft. 

By formulas, 9.07 and 4,32 ft. on ceatres of purlins. 
A. Apex H. 

lo' = cos 0" X 6 + — 0.0° = 6.0 lbs. per aq. ft. 

w' = sin 0° (6 + 10 cos 0°) = 16.0 lbs. per sq. ft. 
By formulas, 9.46 and 4.44 ft. on centres of purlins. 

606. Purlins. — Since the purlins may be assumed to be about 
10" deep; 2—" from centre line of upper chord to its top; — " 

sheathing: this makes the radius of the outer surface of 

1 7 1 

roof = 50.0' + 10" + 2— " + — " = 51' 1 — " = 51.0937'. Hence 

n'ilh4 spaces per panel, theaurfaceof roof supported by one purlin = 

51.0937 X T X16 ^._ ,^ 
4^^H = 40.86 sq.ft. 

Apply formulas 77 and 80. 

Since -w^, 675, L = IQ, F = .70, and E = 700, are all constant 

values, these formulas may also be simplified as follows for this 
example: 

c 2f 2X.7 -34-29 If 

, 675 WL' 



E 700 

a. Apex A. 

«/ = cos 90° (2 + 4 + 4) + 40 = 40 lbs. per sq. ft. 
tt" = sin 90° (2 + 4 + 4) = 10 lbs. per sq. ft. 
W - 45.86 X 40 - 1874 lbs. - 0.937 ton. 
W" - 45.86 X 10 - 459 lbs. - 0.230 ton. 
For normal component: 

— = 34.29 W - 34.29 X 0.937 - 32.1. 
c 

I - 246.85 W - 246.85 X 0.937 - 231.3. 
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For parallel component: 

— = 34.29 W" = 34.29 X 0.230 = 7.9. 

c 

/ = 246.85 W" = 246.85 X 0.230 = 56.8. 
Apply Tables R and S. 
By Table R for 32.1 : 2 X 12, 2 X 10, 3 X 8, 6X6. 
By Table K for 7.9: 12 X 1, 10 X 1,8X1, 6X2. 
By Table S for 231.3: 2 X 12, 3 X 10, 6 X 8, 14 X 6. 
By Tables for 56.8: 12 X 1, 10 X 1,8X2, 6 X 4. 
Hence it appears that 4X10 would suffice for purlin. 
Check these dimensions by formula 145. 

0.230 X 4 \ 



_. , fW'd W"b\ ^^ ,./0.937 X 1 



+ 



53 



0.646 ton persq. in. = maximum fibre stres-s, less than the Imiit of 
0.700. Hence the purlin is entirely safe. 
6. Apex B. 

w' = 10 COS 77.2° + 40 = 42.2 # per .sq. ft. 
w"= 10 sin 77.2° = 9.75 iff persq. ft. 
W = 45.86 X 42.22 = 1937* = 0.969 ton. 
W" = 45.89 X 9.75 = 447* = 0.224 ton. 
Applying the same formulas and tables, 4 X 10 is found sufHcienl 
with a maximum fibre stress of 0.552 ton per sq. in. 

c. Apex C. 

w' = 10 cos 64.4° + 40 = 44.32 * per sq. ft. 
w"= 10sin64.4'' = 9.02* per sq. ft. 
Applying the same formulas and tables, the maxim 
etresa in 4 X Ul purlin is found = 0..553 ton per sq. ineh. 

d. Apex D. 

w' = 10 eos 51.6° + 40 = 46.21 « per sq. ft. 
m"= 10 sin 51.6° = 7,84 « per sq. ft. 
Maximum fibre stress is founil = 0.551 ton per sq. inch. 

e. Apex E. 
w' = 10 cos 38.7°. 

w' = 10 cos 38.7° 4- -jT X 38.7 = 42.20 * i>er sq. ft. 
■w"= 10ain38.7° = 6.25* persq. ft. 
If purlin be made 3 X 10, maximum fibre stress = 0.579 ton p 

sq. in., which would be entirely safe. But it is best to make equi 
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(liniensionp and ecjiial spafing for purlins throughout, for bettor 
appearance. 

Maximum fibre stress tor 4 X 10 = 0.482 ton per sq. inch. 

/. ApexF. 

w' = 10 cos 25.8° + 40 = 31.90 # per sq. ft. for P and H'. 

w' = COS 25.8° (10 + cos 25.8" X 10) = 17.1 # per sq. ft. P and S. 

w"= 10sin25.8'' = 4.35« per sq.ft. 

Maximum fibre stress for 4X10 = 0.354 ton per sq. inch. 

j;. Apex G. 

8 

w' = 10 cos 13° + ~ X 13 = 22.3 « per sq. ft. P and 11'. 

u'"= cos 13" (K + lOroslS") = 19.23* per st]. ft. P and 5. 
w"= 10Hinl3°= 1.74« per sq. ft. P and W. 
w" = sin 13" (10 + 10 cos 13") = 4.44 * per sq. ft P and S. 
Maxinmm fibre stress for 4X10 = 0.222 tun per sq. inch. 
A. Apex H. 

w' = 10 cos 0° + — + = 10 # per sq. ft. P and W. 

V)' = C080='(10+ lOcosO) = 20* persq.ft. PandS. 
w" = for both P and W and P and S. 
It is not necessary to compute maximum fibre stress, since no 
component W" exists. 

607. Apex Loads on Tmss. — The permanent, snow, and wind 
loads at the apexes arc slightly increased from those computed in' 
Chapter IV, since the increased diameter of the .surface of the roof 
increases the areas supported at each apex. 

The respective apex loads on the half truss arc tJius found to 
be as follows: 

B. C. D. E. F. G. H. 

P = 1 . 172 1 . 172 1 . 172 1 . 172 1 . 172 1 . 172 1 . 172 tons. 
5 = 0.200 0.392.0.576 0.712 0.824 0.896 0.464 ton. 
W = 3.670 3.670 3.670 3.150 2.100 1.060 O.OOOton. 

608. Stress Diagrams. — The permanent, snow, and wind stress 
diagrams are then drawn for the truss diagram given in Fig. 432, 
similarly to the stress diagrams illustrated in Figs. 99, 100, and 101, 
allowing for changes in form of truss diagram. 

The centre lengths of the members of this truss have already been 
computed in Example 19 of Chapter VII. 

The stresses and lengths are next entered in the stress sheet. 
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609. Cumtore at Hombart ct Vppu Chard. — The anvlength 
of a panel exceeds its chord-length by -r". 

The rise of this arc = 50.0 (l-coa-2- 12°51'25-=-") - 0.315 ft. 



Arc-length = 



. 31„ 



n„ 



Chord-iength = 11'2 — " = 11.1953'. 

The radial axes of the purlins divide the arc-length into 4 equal 
parts. 

610. Comtore oi Lowar Chord. — The arc-length exceeds the 

chord-length by — ". 

The rise of tbU arc = 52.0833 (l - cos y 10' 32' 3 y") = 



Arc-length = 
Chord-length = 



= 9.5625'. 



611. Banding Homant Producad b; MaTirmiTn PorUn Loads. — 

Take the member connecting apexes C and D of the upper chord, 
which .supports the maximum purlin loads and moments. The 
moment diagram is shown in Fig. 586, by which the maximum 
moment -1/ = 8.5 ft.-tons. 





L017T. 


ILOBBT. LOOIT. 


-HH:::::; 


, 


_L ^^^--^ 




- H^D^X lao =8.5 R.IooB 


_^-^ 


tiionl CD 



Fni. .'itM).— Bending Moment on L'. C. 

612. Dimansiotiiiig ITppar Chord. — Both legs of angles are 
riveted. Both straight and curved members will be dimensioned for 
comparison. 

613. A. HambarB Stralg^ betwaaa Apaxei. — Member XI; 



stre8ses=- 41.4 and -|- 5.1 T; C.L. 11' 2 



11 » 
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Apply Table N for compression and G for tensioa. Try 2, 

Next apply formula 133 for compression and bending moment 
M = 8.5 ft.-tons. 

Z Mc' 41.4 , 8.5X1.70 ^„ „„„ 

I +— = 9:86 + ^4:06- = *-20 + 0-60 = 4.80 tons per 

sq. inch. 

48.0 
By Table N,^-^ = 4.87 tons per sq. inch = maximum safe 

compression. 

Apply formula 130 for fibre stress in tension. 

A'^ 1 9.86"^ 24.06 
tension. 

Therefore the proposed section will just sufBce to resLst either 
maximum or minimum stresses occurring in it. 

Member X 2: stress = - 37.1 and + 5.5 T; C.L. as before. 

By Table N, 2, 5 X 3-^ 

alone. 

_ 37^ ^ a 

22.06 



37 1 8 5 X 1 68 
'^^^ a^ + ^~ool^~ "^ '*-^^ + .65 = 4.80 tons per sq. inch 



compression. 

M 

8.94 



8.94 ' 22.06 

Therefore this section is entirely safe for both kinds of stress. 
Member X 4: stress = - 33.8 and + 2.5 T; C.L. as before. 

By Table N, 2, 5 X 3 -r- X -^" La for compression alone. 



compression. 

By Table N, -^j- = 5.00 tons per sq. inch = maximum safe 
compression. 
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8.5 

tension. 

Member X 6: stress = - 30.7 and - 0.5 T. 



Member X 8: stress = - 26.6 and - 3.4 T. Try 2, 5 X 3 - 
7 „, 



7.06 
pression. 

By Table N, —-^ = 4.96 tons per sq. in. = maximum safe 
compression. 

Member X 10: stress = - 22.0 and - 6.27 T. Try 2, 5 X 

22.0 8.5 X 1.61 
6.10"' 

' 6.10 
compression. 

Member X 12: stress = - 22.6 and - 9.3 T. Try the last 
section. 

22.6 8.5 X 1.61 

6.10 "*■ 15.56 
pression. 



= 3.71 + 0.88 = 4.59 tons per sq. 



.y Google 



Ex. 10] SEMICIRCULAR CR&SCENT TRUSS 329 

Same as for X 10, 5.00 tona •per sq. in. = maximiiiii safe com- 
pression. 

61i. B. HcDibarB Curved bfltvsan ^exfls. — Rise of arc - 
0,315 ft. Apply fonnula 137 for compression and 132 for ten- 
sion. 

Member XI: stress = -41.4 and + 5.1 T; try 2, 6 X 3- X 

9/16" Ls. 

41.4 , .315X41.4X1.68 -8.5 + 1.68 _ , ,, , „ ,, _ , „„ 



8.94 ' 22.06 

tons per sq. inch compression. 
, 44.0 



tons per sq. in. safe compression. This 



22.06 

tons per sq. inch tension. 

This section is then entirely safe for either kind of stress. 

. ,, , ,._ , Xac ,Mc' X . „ 

Add the difference between — j — and —r- to -r- m all cases. 
I I A 

Member X 2: must have same dimensions as X I ; no splice at 
apex. 

Member X4: must have same dimensions as X I; no splice at 
apex. 

Member X 6: stress = - 30.7 and - 0.5 ton; try 2, 5 X 

^ 2 ^ 16 • 

First try 2, 5 X 3 - X j " Ls. 

22j^. 315X22.8X1.61 -8.5X1.61. 3 j, ^ „ ,^ _ ,„ 
6.1 15.56 

tons per sq. in. 

By Table N, -~ = 5.00 tons per sq. in. safe maximum com- 

ssion. 

Hence the section is more than ample, probably 2, 5 X 3 — X tt" 
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Member X 8: must have same'dimensions as X 6; no splice at 
apex. 

Member X 10: must have same dimensions as X 6; no splice at 
apex. 

Member X 12: stress = - 22.6 and - 9.3 T; try 2, 5 X 3— X 

2^6 ^ ■315X22.6X 1^ 9^-8.5X1.59 . ^ ^ ^ „ ,, _ ^^ ^ 

per sq. in. 

615. Low«r Chord. — This supports no purlins, but allowance 
must be made for curvature. 

616. A. HambarB Stzaigbt bfltwasn ^exes. — First apply Table 
G for tension and Table O for compression. 



ByTableG,2,5x3-^X-g-" Is. 

5„ 

Member K 3: stress = - 8.5 and + 28.4 T; C.L. as before. 
By Table G, 2, 5 X 3 y X |-" Ls. 
By Table 0, 2, 4 X 3 X ^" Ls. 

Member Y 5: stress = - 9.9 and + 25.7 T; C.L. as before. 

, 1 



Member V 7: stress = - 5.7 and + 21.8"; C.L as before. 
By Table G, 2, 5 X 3 X jz" Ls. 
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Member Y 9: stress 1.6 aad + 19.1 T; C.L. as before. 

By Table G, 2, 3y X 2y X ^" Ls. 

By Table 0, 2, 3 y X 2y X j" Ls. 
Member Y U : stress = + 2.3 and + 20.3 T; C.L. as before. 

By Table G, 2, 3 y X 3 X ^" Ls. 
Member Y 13: stress = + 6.8 and + 20.8 T; C.L. aa before. 



617. B. MombwR Curved Between i^iezei. — Rise of arc -> 

.222 ft. for 9' 6 -^". 
4 

Apply formula 135 for compresaile stress. 

Apply formula 130 for tem^ile stress. In the last case only must 
a proper deduction be made for all rivet holes in a cross-aection of 
member. 

Member Y 1 : stress 19.0 and + 30.5 T; C.L. 9' 6 -r". 

4 

Try 2,5 X3|-X-|"L3. 



15.56 
8.84 T per sq. in. 

1 7 
Try 2, 5 X 3 y X Tg" Ls. Apply formula 130 only. 

30.5 , .222X30.5X3.37 ^ „ , , oo ^^«m 

Ym^tTo + iTisO = ^■'' + ^-28 = 7.69 T per 

sq. in. 

Member Y 3: must have same dimensions as K 1; no splice at 
apex. 

Member K 5: must have same dimensions as I'l; no splice at 
apex. 
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Member Y 7: stress = - 5.7 and + 21.8 T; C.L, as before. 



5.12 13.20 

21.8 .222 > 

5.12-1.64'*' 13.20 

inch. 

Member Y 9: must have same dimensions as Y7; no splice at 
apex. 

Member KU: stress = + 2.3 and + 20.3 T; C.L. as before. 



20.3 



4.22-1.32 ' 5.12 

Member Y 13: make same dimensions as K 7. 

618. Web BadialB.— 
Member 1 2: stress = - 1.6 and + 5.9 T; C.L. 3' - 



Member 3 4: stress = 0.0 and + 4.1 T; C.L. 5' 11 - 
By Table G, 2, 2 X 2 X ~" U. 



By Table G, 2,2X2 X — " Ls. 
Member 7 8: stress = - 0.2 and + 6.0 T; C.L. 10' 1 - 



BvTableG, 2, 2 X 2 X ^" Ls. 
lb 
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Member 9 10: stress = - 1.8 



2" 2 • 
3„ 



By Table G, 2, 2 X 2 X 



By Table O, 2, 4 X 3 X ; 



By Table G, 2, 2 X 2 X j^" ha. 
Member 13 13'; stress = + 2.3 and + 3,8 T; C.L. 12' 6". 



619. Wflb Dla«oiulB.~ 

Member 2 3: stress = - 9.7 and - 3.7 T; C.L. 12' 10 - 



Member 4 5 : stress = 

,2,5 

8.6 and - 3.0 T; C.L. 15' 2^". 

'i> 
Member 8 9: stress = - 8.0 and - 2.2 T; C.L. 16' 3 ^". 

By Table N, 2, 6 X 4 X "I" Ls. 

Member 10 11 : stress = - 7.5 and - 1.4 T; C.L. 16' 6 — 
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Member 12 13: stress = - 7.0 and - 0.5 T; C.L. 16' 5". 
By Table N, 2, 6 X 4 X -j" La. 

A series of different types of roofs and their trusses have been 
fully dimensioned in this chapter, in order to explain clearly the 
methods employed and the application of the formulas and tables 
given in earlier chapters. 

The stress sheet for this example is given in Art. 620. 

The results of dimensioning members for Cases A and B are to 
be found in the dimension sheet, Art. 621. 

620. StTflss Sheet tor Ezanqdes 10 A and 10 B. — 



Mnnber. 


,-_ 


»^» 


.^. 


.*_ 


-Hui- 


•1- Mul- 


C4««tt. 


X 1 


-10.8 


- 6.2 


-30,6 


+15,9 


-41.4 


+ 5 1 


11' 


2Ji" 


X 2 


- 8,4 


- 5.1 


-28,7 


+ 13.9 


-37 1 


+ 5 5 


11' 


2H" 


X 4 


- 9 4 


- 5.9 


-24.4 


+11,9 


-33.8 


+ 2.5 


11 


2ft" 


X6 


-10,3 


- 6.8 


-20.4 


+ 9,8 


-30,7 


- 0.5 


U' 


2ft" 


X 8 


-11,0 


- 7.4 


-15 6 


+ 7,6 


-26 6 


- 3 4 


11' 


2ft" 


X 10 


-11,5 


- 8,0 


-10 5 


+ 5.3 


-22,0 


- 6,2 


11' 


2ft" 


X 12 


-11.8 


- 8,4 


-10 8 


+ 2 a 


-22 6 


- 9 3 


11' 


2ft" 


Y 1 


4- 3 3 


+ 1.9 


+27.2 


-22,3 


-19 


+30,5 


9' 


6J4" 


Y 3 


+ 6,0 


+ 3.7 


+22.4 


-14,5 


- 8,5 


+28,4 


9' 


GH" 


Y 5 


+ 8.3 


+ 5,3 


+ 17.4 


-18.2 


- 9.9 


+25,7 


9' 


6H" 


Y 7 


+ 10 1 


+ 6,8 


+ 11,7 


-15,8 


- 5,7 


+21.8 


9' 


%H" 


Y 9 


+ 11.3 


+ 7,8 


+ 5,7 


-12 9 


- 1,6 


+19,1 


9' 


HH" 


Y 11 


+ 11,9 


+ 8,4 


+ 5.2 


- 9,6 


+ 2,3 


+20.3 


9' 


6M" 


Y 13 


+ 12.1 


+ 8.7 


- 3,3 


- 5,3 


+ 6,8 


+20.8 


9' 


m" 


1 2 


+ 2.3 


+ 1.4 


+ 3,6 


- 3,9 


- 1,6 


+ 5,9 


3' 


OH" 


3 4 


+ 3,0 


+ 2,1 


+ 1,1 


- 3.0 


- 0,0 


+ 4.1 


5' 


11 !4" 


5 6 


+ 3,4 


+ 2,4 


- 1.3 


- 1.6 


+ 1,8 


+ 5,8 


7' 


UH" 


7 8 


+ 3.4 


+ 2,6 


- 3.6 


- 5 


- 0,2 


+ 6,0 


10' 


lA" 


9 10 


+ 3.1 


+ 2,3 


- 4.9 


+ 1.0 


- 1,8 


+ 5,4 


11' 


5A" 


11 12 


+ 2.5 


+ 1,8 


- 5-9 


+ 2,6 


- 3.4 


+ 5,1 


12' 


2H" 


13 13' 


+ 2.3 


+ 1,5 


+ 1,0 


+ 1,0 


+ 2,3 


+ 3.8 


12' 


6" 


2 3 


- 3.7 


- 2,3 


" 0.6 


- 6 


- 9,7 


- 3,7 


12' 


loH" 


4 5 


- 3.5 


~ 2,4 


- 1.6 


- 5.9 


- 9.4 


- 3,5 


14' 


4H" 


6 7 


- 3.0 


- 2,3 


- 2,5 


- 5,6 


- 8.6 


- 3,0 


15' 


2H" 


8 g 


- 2.2 


- 2.0 


- 3,6 


- 5,8 


- 8.0 


- 2-2 


16' 


3A" 


10 11 


- 1,4 


- 1-2 


- 4 7 


- 6,1 


- 7,5 


- 1.4 


16' 


6A" 


12 13 


- 0.5 


- 0,5 


- 6,0 


- 6.5 


- 7.0 


- 0.5 


16' 


5" 
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Ex. lOJ SEMICIRCULAR CRESCENT TRUSS 

621. Dhneoiion Sheflt for ExanqdaB 10 A. and 10 B - 







MUMM CV*VBD, 






riista 


„.-™. |,= 




2, 5X3>^X!^"L8. 
2, 6X3J^XA"L8. 
2, 6X3J^XM"L8. 
2, 5X3J^XH"Lb. 
2, 5x3HxA"Le. 
2. 5X3Hx;g"Ls. 
2, 5X3HxVLs. 
2, 5X3^XJ^"U. 
2, 6X3HXH"I^■ 
2, 5X3HXA', La. 
2, 5X3J^XA"L8. 
2. 3MX2^xft"L9. 
2, 3^^X2MxA"U. 
2, 3HX2MXA"L8. 
2, 2X2XA"L8. 
2, 2X2xA"Ls. 
2, 2MX2XA"L8. 
2, 3J^X2MXK"Lfl. 
2, 3MX2|^XK"L8. 
2, 4X3xft"Ls. 
2, 2X2X A"La. 
2, 4x3xA"Lb. 
2, 5X3l^xA"L8- 
2, 5X3HXA"U. ■ 
2, 6X4xVLh. 
2, 6X4XJi"Le. 
2, 6X4XJ&"U. 


IB 
14 
13 
12 
11 

9 
12 
11 
10 
9 
S 
8 
8 
4 
3 
4 
4 
4 
2 
3 
4 
4 
4 
4 
3 
3 






X 2 


2, 5X3MXA"L8 
2, 5X3HXA"L« 
2, 5X3!^xA"Lb 
2, 5X3HXA"L8 
2, 5x3HxA"Le 
2, 5X3J^X^"L8 
2, 5X3HXA"L8 
2, 6X3HXA"L8 
2, 5X3>^xA"Lfl 
2, 5X3HxA"Lfl 
2, 5x3>^xA"lii 
2, 5X3HxA"Le 










X 6 




X 8 












Y 1 












Y 7 












Y 13 






2, 2x2xA"Ls. 
2, 2X2XA"L6. 
2, 2HX2XA"L8. 
2. 3i^X2HxM"La. 
2, 3HX2HX>i"LH. 
2, 4X3XA"I*. 
2, 2X2xA"Le. 
2, 4X3xA"Ls. 
2, 5X3MxA"L9. 
2, 5X3HXA"L9. 
2, 6X4X1^" U. 
2, 6X4X^"Lb. 












7 8 

9 10 




13 13' 

2 3 
















10 11 
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CHAPTER XII 
DETAILING CONNECTIONS AT APEXES OF ROOFS 

622. Oaswtl Bonurki. — In order to preserve the relations of 
these coonections at apexes to each other and to clearly exhibit their 
construction, it is most convenient to employ two different scales 
in the illustrations of this chapter and in practice; one for the centre 
lines of the half-truss diagram, larger than that used in Chapter IV 
and comprising centre lines of all members; also a much larger scale 
for the details of the connections themselves. Both side and top or 
end views are sometimes required to make clear an end connection. 
From such a drawing at proper scales may readily be taken all 
data required for estimates or bills of material, fraining bevels, 
templates, or full-size details of connections, if these are necessary. 

As a general rule, connections must be as simple as possible, to 
economize materials and labor in construction and erection. All 
stresses acting at an apex are to be considered and provision for re- 
nting them safely be made, excepting that the small moments 
usually occurring in riveted connections may usually be neglected. 

As illustrations of the methods of making details of connections, 
the examples dimensioned in Chapter XI will be successively detailed 
in this chapter. 

2.— Example 1. — A Wooden Truss with Extra Loads 

The connections of the members of this truss are detailed here in 
accordance with the dimensions found in Example 1 of the last 

chapter. 

623. Sheathing. — Composed of — " matched pine through nailed 
on the rafters (Fig. 5SS). 

624. Baft«Ti. — These are 2 X 6", full size, set 27" on centres, 
with ends boxed to o deep, then butted and spiked to purlins as in 
Fig. 5SS. Or the ends are often lapped sidewise on purlin. 

625. Purlina. — These are frequently halved down on top of the 
principal, or their ends are housed into it 2" on each side. But a 
better method is shown in Fig. 589, where the ends of the purlins 
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Ex. 11 A WOODEN TRUSS 337 

are hutted agaiofit side of principal, then being held Jo place by 2, 

1 ft. long, 3X3 X-7-" !-s, fastened to purlin and principal by 4" 

lagscrewB. This looks lietter, since purlins and principal are framed 
flush on top and iKittora, and the upper nuts on rods remain 
accessible. 

626. GaiUnit Joists. — These are also 2 x 6", full size, though the 
ordinary size would suffice. Fig, 5iH) is a transverse section across 
the ceiling. They support a protecting floor not intended for loads 
and the lath and plaster ceiling. Their ends are usually supported 
by strips spiked to sides of lower chord of truss. 

627. U[^er Chord.— To prevent slipping of principals at ridge 
apex, it is well to cut a tenon on one fitting a recess cut in the other, 
as shown in Fig. 5S7. It is simplest to scarf the lower end of prin- 
cipal to fit on top of lower chord at its end, without inilents, keys, 
hoops, or bolts, depending entirely on steel fish-plates at sides and 
through bolt«. More complicated connections are generally employed 
at an increased cost and possess uncertain resistance to stresses. 

At least one splice must lie made here in each principal, which 
should be placed just above an apex. Since the member is subject 
to longitudinal compression, if the splice lie correctly cut, the stress 
wiU be directly transmitted by contact of the ends of the timbers. 
Hence 2 or 4 Imlts will be sufficient to hold together the splice 
(Fig. 587). 

628. Lower Chord. — Besides the connections at the ends of the 
truss, splices are here made at the middle of >' 4 and at the centre of 
the span, so as not to require timbers of unusual length and cost. 
Bolts 1" in diameter are here used. 

Apply formulas for splicetl timbers in tension. Art. 4S2, Chapter 
IX. 

^ dC_ I X 0.60 
^ 2 S' " 2 X 0.04 " 
of timber. 

(=-^Xrf = -^in. = minimum thickncs.'j of fi.sh-plates. 

629. Splices. — Connection of X 1 and 1' 1 at ends of truss 
(Fig. 591). 

n = 2 rows of 1" bolts in upper chord, '.i rows of same in lower chord. 
_ 16(12-2X1) 



I. between centres of bolts and to end 



6(A-nd) .55.9 



= 0.35", say -^ " fish-plates. 
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' 12 X 1 X 0.60 7.20 
X 51.1 51.1 



= 7.76, say 8 bolta in upper chord. 



"-t-jr- w V I V nTai " TTSi = «■"■ »»y ' "'^ ■" '"'' »"'■ 



''-rac - 12X1X0.60 -m' '■">■ ""' * '•°'*'' '" '""■" '^"^ 
This coimeption is indicated in Fig. 587 and ia detaileti at a larger 

scale in Fig. .591. 

Splice in K 4 (Fig. 587). 

X 46.4 40.4 1 .. = u 

' - imh-nd) - 16(18-3X1) = Tig- = "-^ '"y 4 "*- 

plates. But these must be madp at least -q" thick to develop full 

shear in bolts. 

X ^ 46.4 464 

' bdC 12X1X0.60 7.20 ' 

Splice at middle of truss (Figs. 587 and 593). 

< = - .' - = 0.177", say 7^". But this must l)e made^" as before. 
!V = i-^ = 5,1, say 6 bolts in each end of splice. 

630. Web Struts. — These are square timbers, and their ends are 
most simply halvoti and boxed into the upper and lower chords as 
in Fig. 587, at right angk« to axis of the strut. These may he merely 
set in place, be spiked in, have stub tenons on both ends, or be 
Sxed by two dowels of steel or wood in each entl. 

Splayed boxings are common, but are more ilifficult to fit and 
have no advantages. They are more affected by shrinkage of 
timbers {Fig. 594). 

The indents may be conveniently laid off on each si<le of the 
chord, then sawn across and completed with chisel and rebate 
plane. 

631. Web Ties. — The endH of these vertical steel rods are best 
enlarged by upsetting them in standard steel dies, so as to make 
each end stronger than the rod itself, after cutting the sf^rews. It 
is more economical to use them, if they can be obtained from shops 
fitted with dies and machines. But on no account must the upset 
ends be welded on the rods. If it be not entirely certain that rods 
with properly upset ends are to be used, then use Table A for rods 
without upset ends, in determining dimensioa^ of rods. 

Drop = length of upset end measured from face of washer. 
Member 1 2: maximum .'(tress = 0.0 ton. 
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One — " rod without upsets should be used, since it supports the 

weight of a panel of the lower chord. By Table A, nut is -;^ X — ", 
For shortleaf pine, C'= 0.125. Hence net area of washer = 8,1 
sq. ins. Hole through washer b always made — " larger than 



sq. in. Hence total area of washer = 8.1 + 0.25 = 8.35 sq. ins., 
and V S.35 = 2.88 ins. square. Its thickness always = diameter 

of rod end, here -ir- inch, and the washer is tapered to -^", or 
J t> 

-^ its thickness, at its edge. 

Dimensions are computed in the same manner for the remaining 
rods, etc. 

Member 3 4: maximum stress = 3.2 tons. 



drop, 2"; washei 

Member 5 fi: maximum stress = 5.0 tons. 

By Table B: r^" rod; upset ends, 1 j X ^ t": ^^^> ^ T ^ - 



Member 7 8: maximum stress = 12.0 tons. 

upsets, 1 — " X 

7„ , , 

square or S-^ X 12 ,^-^ ' 

nut, -^" at edge. 

Member 9 9': maximum stress = 20.G tons {Fig. 595). 

By Table B: 1, 1 t^" rod; upsets, 2 —" X 5—"; nut,2- 

4— ";drop,— "; washer, 14" X 1: 
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A WOODEN THnBS 

Tbd drops under washers should be indicated on the detail draw- 
ings as in Fig. 587, since this is required in estimating the weights 
of the rods, ends, nuts, and wasliers, as explained in Chapter XIV'. 

632. Splayed BoxiBga. — If splayed boxings arc preferred at the 
ends of web struts, the depth at toe is aasumetl and then checked 
as indicated in Fig. 594, for the strut 4 5 with a maximum stress 

of— 6.2 tons. The depth at toe is here taken at 1 — " and the 

boxing is then drawn. The stress is next laid off on axis of strut 
and resolved into components parallel to the lines of the boxing. 

Then the compression at toe = 4.9 tons, and —- - -^ T-nT ~ 0,908" 
deep. Hence this is amply safe and it might be reducetl in deptli 
by repeating the procea^. 

633. Example 2. A Wooden Truss. — Resume Example 2 of 
Chapters IV and XI. The same tables and formulas are then 
applied as in Ebtample 1. The dimension sheet in Chapter XI shows 
that the stresses an<l dimensions of the members are all somewhat 
less than in Example 1, making a lighter truss, to ho compared with 
that of Example 3 in steel, supporting nearly the same loads. The 
half elevation of the detail diagram is shown in Fig. 59C. Dimen- 
sions for all members are obtained in the same manner as for 
Example 1. 

634. Splices.— Connection of -Y 1 and >' J (Fig. 598), 
n — 2 rows of I" bolts in upper chortl. 
n = 3 rows of 1" bolts in lower chord. 



/ 



|-X(/ = 



= ff g ^ 1 X 0.6 
^ 2S' 2 X .04 
of timber. 



minimum thickni 
= 7. a" between i 

33.2 



i of fish-plates. 

ntres of bolts or to end 



33.2 

160 



plates 



IQih- n d) 16 (12 - 2 X I) 160 ' •' 32 

for upper chord. But these plates must be at lea.st-^" thick at 

all connections. 

A^ ^ 33.2 33.2 .,, « , u ■ 

^ = Tdc = 10 X 1 X 6 7(3 =mf = ''■^^' '''^ *^ ''"'^'^ '" "''p^'" 

chord. 
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X 29.8 29.8 

' bdC 10 X 1 X .60 160 



., ^ 29.8 29.8 . „- 5 . ,. ■ , 

"-rm- invi V m - -Tiin- - *»'• ^^ ^ Mts in lower 



chord. 

Splice in y 4 (Fig. 599). 

X 26.6 26.6 .,, 3„ „ , 3„ 

' " 16 (ft-71 <() " 16 (12 - 2 X I)" )60 "■ ■'°°' ">' 16 ' ^'"* 8 ' 
„ X 26.6 26.6 ^ , . u ,. ■ u J 

"- MC = lO^O^M - 6:55 -"■ "y ^ '»""° '="'"""'■ 

Splice at middle of span (Fig. 600). 

To be I". 

X ^ 20.0 

bdC 10 X 1 X 0.6 
686. W«b Ties. — Steel rxxls with upset ends, except for 1 2; 
dimensions found as in last example. 

Member 1 2: -^" rod with ends not upset; nuts -^ X -7-"; 
washer 2 — " square, -r-" thick under nut, — " at edge. 



Member 9 9': 1 — " rod; upset end, 2X5- 
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344 DETAILING CONNECTIONS [Ch. 12 

636. Dataa DrawlngB. — Half elevation of detail diagram is shown 
in Fig. 596; connection of sheathing, rafters, purlin, and principal 
in Fig. 597; connections of X 1 and Y 1 in Fig. 598; splice in r4 
in Fig. 599, and that at middle of span in Fig. 600. 

Example 3. — A Steel Truss for the Same Roof 

637. Omeral Bemarks. — In detailing a steel truss compoeed of 
angles, the rivet line on the wider leg and nearest the back of the 
angle should be set to coincide with the centre line of the member 
in the truss diagram, when both legs are riveted. This is best in 
all cases, but when only the wider leg, parallel to the middle vertical 
plane of the truss, is riveted, and this wider leg has two rows of 
rivets, the rivet lines are sometimes set equidistant from the centre 
line of the member. A single row of rivets in the wider 1^ should 
always be set on the centre line of the member. This is usual and 
it is more convenient in design and construction in the shops, than 
to attempt to locate the centre of gravity of the section of the mem- 
l)er on the centre line on the truss diagram, as is sometimes done in 
hooks. 

~" for wider 

spans or heavy framing. 

Gusset plates are to be of uniform thickness throughout the truss, 

not over — " less in thickness than the diameter of the rivet used, 

so as to develop the full resistance of the rivet to shearing. 

It is always advisable and more economical to rivet both legs of 
each angle, and not less than 2 rivets should be placed in each 
connection. 

Chain riveting is best in angles of sufficient width of leg; staggered 
riveting olhenvise and also in different legs, in order to use the 

riveting machine, which requires—" clearance. 

Intermediate riveted connections are to be inserted between 
angles composing a member in compression, at proper distances. 
These angles are often bent apart considerably, but this is seldom 
necessary, since the member is weakest usually in the vertical plane 
of the truss and not sidewise. 

Pitch of rivets in trusses to be 3 diameters at connections, with 
2 diameters' distance from centre of rivet to end of piece. 



ly Google 



Ex.3! A STEEL TRUSS o40 

638. Sheathing, Eafters, and PurlinB (Figs. 604, 605).— Fig. 604 
shows the mode of fastening a purlin on the upper chord at a split-e 

therein. The purlin is boxed down -r^" = thickness of top cover 

plate at the splice, when the rivets are sunk in holes in the purlin. 
The purlin is then held by lagscrews at bottom and one side, passing 
through a bracket composed of a steel plate and angles on eacii side, 
the bracket being held to upper chord by rivets or bolts. Or the 
bracket might be of cast iron if preferred, bolted to upper chord. 

Fig. G05 shows a purlin attached directly to upper chord and not 
boxed, having its top edge in the same plane as the former. 

639. Rivets, OusBets, and Covers.— Table T gives the number 
of single-shear rivets rcciuircd at each end of each member of the 
truss and at each splice. Half this numlicr at least appear on the 
elevation of the detail diagram, and these are divided between 
the legs of the angles in proportion to the number of rivet lines in 
each leg. 

Gueset plates are all — " thick tor -—" rivets to develop full 

shear in rivet: cover plates are — " at splices; rivets are set 
lo 

1 -^" from ends and 2 ~' between centres, staggered in opposite 

legs. 

Rivets are to be arranged symmetrically about the centre line 
of the member where possible, but some extra rivets are necessarily 
insert€d at end connections, as in Fig. 603. 

The maximum stress in the member 1 2 being 0.0 ton, it is not 
necessary to connect more than one leg of each angle, but this is 
done in all other cases. 

640. Connection at End of TruBS.— Fig. 602 is an end, and Fig. 
603 a aide elevation of the connection at end of truss, enlarged at 
base to rest on the masonry wall. The parallel or web legs of the 
upper chord are held by rivets through the gusset; its horizontal 
legs are then riveted to short angles milled or forged to fit closely 
[jetween the web and top legs, and these angles are then riveted 
through the web legs and the gasset. 

The lower chord has its web legs riveted through the gusset, the 
bottom legs being riveted to short angles, that are in turn riveted 
through the gusset, 
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short angles are next riveted through the g 

to form a broad base to rest on the misonry of the wall. These 
should be held in place by anehor bolts extending down into the 
wall. 

The upper and lower chords are here spliced at alternate apexes, 
the entire stress at each splice being transmitted tlirough the rivets, 
the cover and gusset plates. For sake of clearness in details, 
some of the connections have been drawn separately at a larger 
scale. 

It must be remembered that two tlifferent scales are used on each 
half-detail diagram of each truss, so that the lengths of centre lines 
of members iimst be measured by the smaller scale, and the dimen- 
sions at the connections by the larger scale. Care must be taken 
to properly apply the scales. 

611. CoDnection of X 1 and T 1 (Figs. 601, 602, 603).— Since 
the maximum stress in A' 1 is divided into 3 equal parts, one for 
the two top legs and one for each web leg, the number of single 
shear rivets in the member being 13 (see dimension sheet), then 

— = 4 -^, or say 5, say 3 in each top leg and 5 in each web leg, to 

transmit the stress to the gusset. Additional rivets are here added 
for appearance and to hold the connection together properly. 

Tlie top legs of upper chord are riveted to pieces of 5 X 3 X -^" 

angles, which are then riveted through the web legs of choril and the 
gusset. 

The bottom legs of lower chord are riveted to pieces of 3 — X 
3 X -^" angles, that are then riveted through the gusset. 

To bottom of gusset are riveted through 2 pieces 6 X 6 X -^" 
angles to form a base to rest on the masonry of the wall. 

642. Connection of XI, X3, etc. (Figs. 601, 606).— Maximum 
stress in 23 = — 3.4 tons. Two rivets are required in 1 2 and 
2 3; 6 rivets in upper chord are ample. Top legs of 2 3 are connected 

to gusset by pieces of 2 — X 2 -^ X — " armies. 
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613. GonnecttoD of T 1, T 2, and 1 2 (Fig. 601).— Made by a 
gusset bar ~ X 2", 2 through rivets in 1 2 and 2 through the 

lower chord. 

614. Connecttoa of X 3, X 6, «tc. (Figs. 601, 604).-^plice ia 

upper chord and thickness of web legs reduced from — " to — ". 

Maximum stress at splice = 27.9 tons, requiring 11 S. S. rivets, say 
4 in top legs and 8 in web legs. Since half the stress in the web legs 
is transmitted directly through the gusset, and these rivets are m 
quadruple shear, 2 rivets in each would suffice in each web leg. But 
it is best to use 4, to allow for stresses produced by connectii^ web 
members there, moments at the connection, etc. 



member 4 5 hy pieces of -3 X 3 X -p" angles. These require 2 

rivets in each. 

615. Coimecttcai of T 2, T 1, etc. (Fig. 601).— Splice in the lower 
chord. Maximum stress at splice = + 29.1 tons, requiring U 

S. S. rivets. Hence, as before, use — " cover with 4 S. S, rivets in 

ID 

each end. Connections of web members as before, 2 rivets in each. 

616. Coim«ctions at other Apoiea.— Connection of X 5, X 7, etc. 
(Fig. 601). 

Two rivets in each connection of web members; 6 rivets through 
upper chord. 

Connection of Y i, KO, etc. (Fig. 601). 

Same arrangement as for the last connection. 

Connection of ,Y 7, X 9, etc. (Fig. 601). 

Splice in upper chord. Maximum stress = — 21.1 tons, requiring 

8 S. S. rivets, say 4 in each end of ttt" cover, to allow for connection of 
lb 

web members. Three rivets in web legs of 8 9, 2 in other connections. 

Connection of K6, Y 8, etc. (Fig. 601). 

Splice in lower chord. Maximum stress = + 22,9 tons, requir- 
ing 9 rivets and — " cover, say 4 rivets in each end. Other con- 
nection as before. 

Connection of X9, X9', etc. (Fig. 60l). 
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Splice in upper chord. Maximum stress = — 17.6 tons, requiring 

7 S. S, rivets. Four riveta through eacli end of bent —" cover; 4 

through each web leg; 2 rivets in each connection of 9 9'. 
Connection of F 8, Y8', etc. (Fig. 601). 
No splice in lower chord, Connectioas of web members as before. 
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—A Steel Fink Truss of 16 Panels 



647. Remarks. — Kesume Example 4 of Chapters IV and XI, a 
Fink truss of 16 panels and span of 128 ft., which requires expansion 
rolls to be provided at one end of the truss, the other end being 
fixed to the wall. 

Two raethotis of construction of this truss are to be detailed here 
in order to make a comparison of their eeononiy iii Chapter XI\', 

648. Channels and Rods; Pin Connections. —A (Fig. 607). 
Upper chord is composed of 2, 9" 15* ehannek .set 6" apart in 
clear, with flanges latticed together and batten plates at each apex; 
web struts consist each of 2 angles riveted to gu-sset eye at each 
end; lower chord and web ties are each composed of 2 welded loop- 

4 
eye steel rods, flattened to — diameter at the pin. Connections 

are each made on a steel pin of proper diameter with pin nut on each 
end and hexagonal nuts, excepting for splices in the upper chord, 
which are made with flange and web covers on exteriors of charmels. 
Dimensions of each member are given on the dimension sheet, but 
diameters of pins are to be determined ljy Table U, after the maxi- 
mum single shear, bearing pressure per inch length, and the maximum 
bending moment ip inch-tons have been found for each pin. 

Fig. 609 shows a section through the roof parallel to middle 

vertical plane of the truss. The — " sheathing is nailed to wooden 
stripe 1 — " screwed or bolted on the tops of the steel channel 
rafters, which are riveted through — " batten plates to the upper 



s of the purlin 



'eted through — " batten 



plates to the top flanges of upper chord of the truss. Fig. 609 
further represents the connection of A' 6, 6 7, 7 8, 8 9, and A* 9 
together. 
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649. Coonectton at Ind of Ttuss (F1g3. 608, 613).— Fig. 608 
shows an elevation of the connection of X 1 and Y 1. The diameter 
of the pin must be first determined. Spacii^ the channels 6" apart 
leaves 2" for each rod end and the same for bearing of the pin on 
the cast-iron wall plate under the end of the truss. In Fig, 610 two 
lines are drawn parallel to centre lines of X 1 and Y 1, and on the 
upper line is laid off the maximum stress of — 60.8 tons, acting in 
the member XI. A vertical through its end cuts the line parallel 
to F 1 and scales 21.0 tons = the maximum vertical wall reaction 
at the connection. On the left, in Fig. 611, is shown the moment 
diagram for the pin caused by the two rods formii^ Y 1. On the 
right in the same figure is the moment diagram for the pin produced 
by the upward reaction of the support. The moment of the rods = 
intercept X pole distance = 0,95 X 30 = 28.5 inch-tons, and that 
of the middle support = 1.05 X 30 = 31.5 inch-tons. Laying off 
these moments in Fig. 612 parallel to the respective members, the 
resultant or maximum moment actii^ on the pin is found to be 
43.00 inch-tons. 

660. Diamflter of PbL—Then by Table U, 

9 
Single shear on pin = 28.25 tons; 2 — " pin is required. 



required. 

Bending moment on pin = 43.0 inch-tons; 3—" pin is neces- 
sary. 

Therefore the pin must have a finished diameter not less than 

3 A"- 

The maximum stress in X 1 being — 60.8 tons, it is then 30.4 
tons in each channel, which must be transmitted to the pin by the 
web only. The web of the channel being 0.29" thick, the maximum 
safe compression transmitted to , in by the web = 0.29 X 9.0" X 
7.0 tons = 18.27 tons. Then 30.40 - 18.27 = 12.13 tons to be 
transmitted through a recnforcing plate on outside of web. Also 
18.27 : 12.13 ; : 0.29 : 0.19" = thickness of the plate. Best make 

it 7-;" in order to develop full single shear of the rivets. 

lb 
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per inch length. Then 41.41 : 30.4 : : 1" : 0.734" = total thick- 
ness of web and plate. And 0.734"- 0.29 = 0.444, say 1/2" thick- 
ness of plat«. This greater thickness is accordingly to be used. 
Also 0.29 + 0.50 = 0.79". 0.79 : 0.50 : : 30.4 tons : 19.2 tons to 

be transmitted to the plate. By Table T, this requires 9,"7^' 

rivets, say 10. 

661. E^nniion BoDs at Ind. — Assume 2" diameter of expan^on . 
rolls 12" long, between truss and wall plate. 

Maximum pressure on rolls = 21.0 tons = vertical reac- 
tion. 

By formula 172, 0.15 nld = 21.0 tons. 
21.0 21.0 

'^^'^ " = 0.15 X 12 X 2 = "3:6= ^■^' "^y ® "'^' ^ **'*"'**' 
and 12" tot^. 

The roll seat and cap are here designed in cast iron for con- 
venience. 

Fig. 613 is a similar design for the fixed support at the other 
end of the truss. 

662. ConnflCtion of X 6, 6 T, T 8, 8 9, and Z 9.— Fig. 614 is a 
diagram for obtaining the maximum bending moment on pin. The 
maximum stress of -|- 11.6 tons in the two rods composing member 
6 7, and likewise for member 8 9, produces a component of 4.0 tons 
acting parallel to 7 8 and opposed to its maximum stress of — 10.4 
tons. Also a component of 11.0 tons acting perpendicular to 78 
and opposed by an equal component of the stress in 8 9. The left 
part of Fig. 614 gives an intercept of 0.1" in the direction of 7 8. 
The right portion has an intercept of 0.18" perpendicular to it. 
Hence the corresponding moments are 3.0 and 5.4 inch-tons. Laying 
those moments off in Fig. 615, their resultant moment is found = 
6.2 inch -tons. 

3„ 
■* Maximum single shear on pin = 5.8 tons. Pin 1 — diameter. 

Maximum bearii^ = 10.4 tons on —" length of pin for member 
7„ 



= 16.65 tons per inch length. 
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Maximum bending moment = 6.2 inch-tons. Pin 1 -^". 
Therefore this pin is to be 1 — " diameter. 

It is assumed that the upper chord is spliced at this connection 
only. Maximum stress in one channel there = —28.8 tons, which, 

by Table T, requires 13, — " rivets in each end of covei^platc. 

"ins. in cross-section of cover-plate, which is 
3.6 
"7.8 ' 
say -^", same as for plates at ends. 

Stress in each angle composing member 7 8= — 5.2 tons, which 
requires 2 rivets through — " gusset eye-plate. 

The remaining connections of the meml>ers are to be worked 
out in the same manner, with the results indicated in Fig. 607. 

6D3. Connectioiu at other Apexes. — Connection of X 1,1 2, and 
X2, etc.: 

Maximum single shear = 1.3 tons. — " P'°- 

Maximum bearing = 4.5 toiks per in. 1" pin. 

Maximum moment = 3.9 tons. 1 -r^" pin. No reenforcement. 

Connection of X 2, 3 4, A' 5, etc.: 

Maximum single shear = 2.6 tons. -r~' pin. 

Maximum bearing = 16.0 tons per in. 1 -g-" pin. 

Maximum moment = 7.1 inch-tons. 1 -5-" pin. No pllite. 
Connection of X 14, 15 15', and X 14' at ridge. 

Maximum single shear = 18.95 tons. 2 j^" pin. 

Maximum bearing = 9.75 tons, -ra" P'^- 
23 
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Maximum moment = 39.0 inch-tons. 3 j^" pin. -r^" plate 



of plate. 

Connection of F 1, 1 2, and Y 3 



Connection of T 3, 3 4, and Y 7. 

Maximum single shear = 19.6 tons. 2 — " pin. 



Maximum moment = 49.5 inch-tons. 3 -rr;" 
lo 

Connection of 4 7, 5 6, and 6 7. 

Maximum single shear = 3.9 tons, rr:" pin. 

Maximum bearing = 5,7 per in. -^" pin, 

' l6 
Connection of 8 9, 9 10, and 10 11. 

1 j^" pin like the last. 
Connection of 8 15, 11 12, and 12 15. 

Maximum single shear = 3.9 tons. ^" pin. 

Maximum bearing = 8.8 tons per in, 7^" pii 
Maximum moment = 8.4 inch-tons, 1 — " pi 
Connection of 12 15, 13 14, and 14 15. 

Maximum single shear =11.9 tons. 1 -rr" pit 
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Since there is one row of rivets in top flange and 2 rows in weh 
leg of each angle, one-third the stress in the member is transmitted 
through top legs, requiring 4 S. S. rivets in each top leg of member 

2 

between legs of angle to transmit stress in top legs to gusset. The 
same number is required through web legs and gusset, the rivets 
there being in double shear. A larger number of rivets are here used 
in order to make a good connection to gusset. 

For similar reasons, 4 rivets are used in each bottom leg of Y I, 
and in each leg of piece of 3 — X 3 — X -^" angle connecting 

bottom leg and gusset. Same number of rivets through web legs 
and gusset, being in double shear. This number is here increased 
to firmly conncc! the mcmher with gu.sset. 

656. Coimectioiis at Other Apexes. — Connection of X 1 and 
X2; X 5 and A" 6; Z 9 and X 10; X 13 and X 14 (Figs. 621, 624). 

Since the members 1 2, etc., are but 3' 1 — " in centre length 

and are each subjected to a stress of — 2.6 tons, a gusset bar — " X 

2" with 2 rivets in each end will be ample without connecting both 
le^ of the angles. 

Connection of Y I, F3, etc. (Figs. 621, 625). Two rivets in 
each connection of web members and 4 in lower chord are ample. 

Connection of X 2, X 5, etc.; X 10, X 13, etc. (Fig. 621). No 
splice in upper chord here. Two rivets in each web connection and 
6 in upper chord are ample. 

Connection of K3, K 7, etc. (Fig. 621). Splice in lower chord. 
Maximum stress = -f- 52.7 tons; 20 S. S. rivets are required. 

Hence use 8 S. S. rivets in each end of — " cover and top legs 

of aisles; 4 rivets in quadruple shear through each end of web 
covers, web legs of angles and gusset ; 2 rivets in each web connection. 

Connection of 4 7 and 6 7, etc.; 8 9 and 8 11, etc. (Fig. 621). 
Two rivets are required in each connection of these members. 

Connection of X 7 and X8, etc. (Figs. 621, 623). Splice in 
upper chord. Maximum stress = — 57.6 tons; 22 S. S. rivets are 
required. Then 8 S. S. rivets are to be used in each end of top 
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cover, and 4 Q. S. rivets in each end of web covera, through covers, 
web legs, and gusset; 2 rivets in each web connection. 

Connection of K? and K 15, etc. (Fig. 621). Splice in lower 
chord. Maximum, stress = + 44.9 tons; 17 S. S. riveta are re- 
quired. 

Hence use 6 rivets in each end of bottom cover and 4 Q. S, riveta 
through web covers, l^s, and gusset. 

Connection of 8 15, 12 15, etc. (Fig. 621). Splice. Maximum 
stress = + 23.1 tons; requires 9 S. S. rivets. 

Then 3 S, S, rivets in each end of — " bottom cover; 2 Q. S. 

rivete through web covers, legs, and gusset. 

Connection of K 14 and Y 14', etc. (Figs. 621, 626). Maximum 
stress = + 53.6 tons; 21 S. S. rivets are required. 

rivets through each end of web cover, legs, and gusset; 3 S. S. rivets 
in each web connection, except in 15 15', where 2 riveta suffice for 
a stress of + 1.9 tons in the member. No web covers are here 
used on account of the awkward shape, it being more economical 
to increase the area of gusset and use more rivets. 

Example 5. — A Steel Semicircular Crescent Truss 

Resume the stress and dimension sheet obtained for this 
example in Chapter XI. 

657. A. — All meinberg of the truss are straight (Fig. 627). 
Therefore the chords must be spliced at each apex. The purlins 
are of wood and their ends may be blocked out to bring the sheathing 
into the required curve as in Fig. 628, or their ends may be boxed 
down on the chord for the same purpose as in Fig. 629, which is 
simplest and best. They may be fastened on the chord by lagscrewa 
and brackets attached to the top legs. The roof will appear best 
if all purlins are made 4 X 10", set to form 4 equal spaces per 
panel. 

Fig. 627 is an elevation of one-half the truss, both ends being 
bolted down to the walls. It will be most convenient here to omit 
web covers at the apex splices. 

668. Connection at End of Truss, — Connection of X 1 and Y 1 
(Figs. 627, 630), Maximum' stress in X 1 = - 41.4 tons; 16 S. S. 
rivets; in K 1 = + 30.5 tons; 12 S. S, rivets. 
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Thb requires 3 S. S. rivets ia each leg of piece of 3 -g- X 3 X -^" 

angle connecting top 1^ of upper chord with gusset. Also 3 S. S. 

rivets through each leg of piece of 3 — X 3 — X -r-" an^e 

connecting bottom legs of lower chord with gusset. Also same 
number of D. S. rivets through each web leg of upper and lower 
chords and gusset. A larger number are inserted here in order to 
make a firm connection with the gusset. The foot is formed by 

riveting one 6 X 6 X -r-" angle on each side of the gusset. 

6S9. ConaectioDB at other Aptxw. — Connection oi X l,X 2, etc. 
(Figs. 627, 631). Maximum stress = - 41.4 tons; 16 S. S. rivets. 

Then 6 S. S. rivets through end of top cover; 6 D. S. rivets 
through web legs and gusset; 2 S. S. rivets in each web connec- 
tion. 

Connection of y 1, y 3, etc. (Figs. 627, 632). Maximum stress = 
+ 30.5 tons. Then 4 S. S. rivets in each end of bottom cover; 4 D. S. 
rivets through web legs and gusset; 2 S. S, rivets in ea^h web con- 
nection. 

Connection oi X2,X 4, etc. (Figs. 627, 633). Maximum stress = 

— 37.1 tons; 14 S. S. rivets. Then same number of rivets in each 
connection as for X 1, X 2, etc. 

Connection of ^ 3, K 5, etc. (Figs. 627, 632). Maximum stress = 
+ 28.4 tons; 11 S. S. rivets. Then 4 S. S. rivets in each end of 
top cover; 4 D. S. rivets through web l^s and gusset; 2 S. S, rivets 
in each web connection. 

Connection of X" 4, X 6, etc. (Figs. 627, 635). Maximum stress = 

— 33.8 tons; 13 S. S. rivets. Hence 4 S. S. rivets in each end of 
bottom cover; 4 D. S. rivets through web legs and gusset; 2 S. S. 
rivets in each web connection. 

Connection ofY 5,Y 7, etc. (Figs. 627, 636) . Maximum stress = 
+ 25.7 tons; 10 S. S. rivets. Rivets same as for the last connection. 

Connection of X 6, X S, etc. Maximum stress «= — 30.7 tons; 
12 S. S. rivets. Rivets same as for connection of X 4, X 6, etc. 

Connection of y 7, Y9, etc. (Fig. 627). Maximum stress = + 
21.8 tons; 9 S. S, rivets. Use 4 S. S. rivets in each end of cover; 
4 D. S. rivets in K 7 and 3 in K 9; 2 S. S. rivets in each web conneo- 
tioa. 
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Connection of X 8, X 10, etc. (Fig, 627), Maximiun stress = - 
26.6 tons; llS.8.rivet8. Same number of rivets as in last connection. 

Connections at remaining apexes. Use 4 S, S. rivets in each end 
of cover; 3 D. S. rivets through web l^s and gusset; 2 S. S. rivets 
for each web connection. 

660. B. — These connections are made in the manner described 
in Arts. 657-659, excepting H. Splices are not required at each apex. 




DetaiU of Samicitcu ax CresccDl Tnui 
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CHAPTER XIII 

DEFORMATION OF TRUSSES 

661. Oanaral RemarkB, — Whatever care and precision are em- 
ployed in designing and constructing a roof truss, it will be found 
to change its form somewhat after its erection. This alteration in 
form resulte from several causes, which frequently combine to affect 
the shape of the truss, and they should be carefully considered, 
though too frequently neglected. They are the following: 

1. Effect of accidental and extra loads. 

2. Inaccuracies in construction and looseness of connections. 

3. Shrinkage of timbers, usually small lengthwise. 

4. Shortening of members under compression. 

5. Lengthening of members under tension. 

6. Shortening of members exposed to extreme cold. 

7. Lengthening of members exposed to extreme heat. 

The first two causes may be nearly eliminated by great care in 
construction and erection. 

The third may frequently be remedied by screwing up nuts on 
bolts and rods, thus reducing their lengths. 

The remaining causes of change of form cannot be avoided, and 
they .should always be carefully considered in case of trusses of wide 
spans, especially if exposed to high or low temperatures. Stress 
and temperature changes may be similar or opposed in each member, 
i.e., may be cumulative or may partly neutralize each other. 

When trusses are without hinges and are firmly riveted at all 
connections, temperature variations may also considerably increase 
the .stresses in some of the members, which produces additional 
changes in (heir lengths. 

662. Deflection of Truss. — Deflection of a truss at its mid-span 
is usually visible and is objectionable in appearance, because appar- 
ently evidence of weakness in construction. Therefore to prevent 
deflection below a horizontal line, the truss is often cambered, so 
that the deflection after erection may not bring it below the horizontal 
line. This is best effected by slightly increasing the lengths of 
members in compression and reducing those of members in tension, 
so as to accurately compensate for the changes in length produced 
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by the stres-ses and also for looseness at the Konnections. Empirical 
(ormuias for this purpose are often given and may suffice in practice 
for trusses of moderate span, but it is much preferable to be able to 
accurately detennine these changes in lengths of members, so that 
it then becomes possible to apply the necessary corrections corre- 
sponding thereto, thus bringing the truss to the desired form after 
erection and the assuming of its loads. 

663. Effect of Changes in Temperature. — Large structures 
erected in \'ery hot or verj' cold climates inaj' be laid out at the site 
with standard steel tapes, correctetl for t(«nperature to their standard 
length at 60° F. Hence if the trusses for such a building were framed 
and constructed in a moderate climate, say at 70° F., the lengths 
of the truss members require correction in order to be of accurate 
lengths at the site of the building. Otherwise a wide-span roof 
truss would not fit accurately, being too long in a hot climate or 
too short in a cold one. 

Of course if the structure were laid out at the site with a steel 
tape not corrected for local temperature, these temperature correc- 
tion.s in lengths of truss members would not be required. 

664. Extension Caused b; Stress. — This is negative or — in a 
member under compression, positive or + in one under tension. 

^^^^ Let I = length of member in inches. 
^^^^U A = area of its cross-section in sq. ins. 
^^^^1 A = — or -K extension in ins. 
^^^^^ E' = modulus of elasticity of material in lbs. 
^^^^H S' = — or -|~ stress in member in lbs. 

* This formula will be more convenient for our purpose, if lengtiis 

of members are changed from inches to feet, and if .S" and E' are 
changed from lbs. to tons. Substitute 2,000 S for S', 2,000 E for 
8', and 12 L for I, and simplify the equation. 

I ^ 3000 .SX V2L _ 12SL_ 

2000 £^ X ^ EA 

666. Extension Caused by Tenqierature Change. — The average 

niaxiinuiii and minimum temperatures at any locality may be ob- 

I tained from a good isothermal chart. Since these are usually given 
in Centigrade temperatures, these must be changed for our use 
into Fahrenheit temperatures. 



= — or + extension of member in ins. 
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For example, according to Andree's "Haadatlas" (editioD of 
1906), the avenge temperature at Chicago is + 24.8° Fah. in January, 
TS-l^in July, 51,3" F. for the year. Average temperature at Panama 
is 66,2° in January, 95° in July, or 89.8° for the year. 

Hence if a structure were framed in Chicago at a temperature of 
60° F., and were to be erected at Panama in July, it would be 
necessary to make a correction for a difference of temperature of at 
least 35° F., if the building were l^d out at the site with a steel tape 
corrected to the standard temperature of 60° F. 

Let F° = number of d^rees difference in t^nperature, usually 
taken from 60°. 

L = length of member in feet. 
For wrought iron, extension = + or — .00007776 L,perdeg. F. in ins. 
For steel, extension = + or - .00008288 L, in ins. 

For wood, extension = + or — .00003312 L, in ina. 

These temperature extensions are usually neglected for small 
differences in temperature, but they should be considered in case 
of large structures. 

666. Calculation of StrsiB Eitensloni. — 

Example 2. — A Wooden Truss 

Resume Example 2 of Chapter XI, a wooden truss with steel 
verticals. 

a. Members in compression. 

Member X 1; 8tress-42.2tons;C.L. 10.7708'; wood; ==.0909"=—". 

. _ 12SL _,SL__ 42.2 X 10.7708 _ . ,_„„ 3 „ 
'^"600^"50A~ 50X100 " ""'^ "32" 

Mem. X 3; stress ~ 36.4 tons; C. L. as before; wood; -.0784 =- — " 

o4 

Mem. X 5; stress - 31.7 tons; C. L. as before; wood: -.0683 = t^" 

lo 

Mem. X 7; stress ~ 26.9 tons; C. L. as before; wood; -.0579 = — " 

16 

Mem. X 9; stress — 22.1 tons; C. L. as before; wood; —.0476 = — " 

64 

Mem. 2 3; stress — 5.1 tons; C. L. as before; wood; —.0305 = ^" 
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Ex.2] 
Mem. 4 5; 
Mem. 67 
Mem. 89 



A WOODEN TRUSS 
Btreaa - 6.2 tons; C. L. 12.8073'; wood 
streaa- 7.6tona; C. L. 15.6198';wood 
stress - 9.2 tons; C. L. 18.867 2'; wood 



.0441. 


3 

~64 


.0495 


3 
"64 


.0542. 


1 , 



b. Members in tension. 

Mem. J'l;8tre88 + 39.5tons;C.L. 10'; wood; +.0494 = — " 

64 

Mem. r2;8tress + 39.5tons;C. L. 10';wood;+.0494 = — " 



Mem. J'6;streas + 30.0 tons; C.L. 10'; wood; +.0375 = — " 

Mem. K8;stre8s + 25.0 tons; C.L. 10'; wood; +.0313 = 55" 

Mem. 12;stres8+ O.Otons;C.L. 4';stcel; +.0000 = 0" 

Mem. 3 4; stress + 2.2tons;C.L. 8';steel; +.0674 = — " 

16 

Mem. 56;stre8S+ 3.9 tons; C. L. 12'; steel; +.0747 = —" 

64 

Mem. 78;stress + 5.9tons;C. L. 16'; steel; +.0995 = — " 

Mem. 99';stress+ 13.2 tons; C. L. 20'; steel; +.1236 = -^" 

It is unnecessary to change the lengths of the vertical rods, since 
these may be adjusted by the nuts. 

667. Application of tbeie Resutts. — It at once becomes evident, 
that if these corrections be made in framing the lengths of the 
members, by increasing those in compression and reducing those in 
tension, by the computed extensions for each, the truss will have 
the intended form without deflection, when it is erected and has 
received the loads assumed in designing it. 



16 ■ 16 ■*" 64 64 32 • 
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The length of the entire lower chord is te be reduced by 2 1 — 



+ 



64^64^32^32-' 32 

668. Ctlculatioii of Tsnqierature EztansionB. — Assume that in 
Champaign the temperature may range from 0° to 100° Fah., within 
a structure for warehouse purposes, not r^ularly heated in winter. 
From the standard temperature of 60° this is a — variation of 
60° and a + variation of 40°. 

We will apply this to the same example. 

MemberXl:C.L.10.7708';wood; -.0214" " '"" ' 



By formula 176, 10.7708 X -.00003312 X 60° =.0214 = 



64 ' 



By formula 176, 10.7708 X -.00003312 X 40° =.0143 = —"■ 

64 

Same temperature extensions in all members of upper chord. 

Member Y I: C. L. 10'; wood; - .0199"= ~" and +.0133" = ^" 
14 64 

Same temperature changes in all members of lower chord. 

Mein.23:C. L-10.77O8';ii 

1„ 



Mem. 4 5: C. L. 12,8073'; wood 
Mem. 67: C. L. 15.6198'; wood 
Mem. 89: C. L. 18.8672'; wood. 



-moi" = :;7"and +. 



64 ' 
.i"„d+^020-'.i-. 

= —"and +,0250" = — ". 



Mem. 12:C.L. 4.'; steel; -.0198" = —"and +.0132"= —". 
Mem.34:C. L, S.'iHtcel; - .0397" = —"and +.0265"= —". 
Mem.56:C.L. 12"; steel;- .0595" = —"and +.0330"= —". 
Mem. 78:C.L.' 16.'; steel;- .0794" = lT"and +.0530"-- — ". 
Mem.9S':C.L.20.'; steel; -.0992" = —"and +.0661"= — ". 

Adjustments for the rods can be made by the nuts. 

These results are collected in the followii^ extension sheet. 
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Ex. 3] A STEEL TRUSS 

669. IztoiiBion Sheot. — 



IfamlMr. 


«*-. 


C-lendh. 


Strasut. 


-so°«t. 


+ «'wtt. 


X 1 


-42,2 


10-7708 


-A' 


-A- 


+A- 


X 2 


-36.4 


10-7708 


:| 


-A' 


-^A• 


X 5 


-31-7 


10.7708 


-A" 


+A' 


X 7 


-26.9 


10.7708 


-A" 


-t-A- 


X g 


-22,1 


10,7708 


— A" 


-A- 


-l-A' 


Y 1 


+39,5 


10. 


+ A- 


-A' 


-l-A" 


Y 2 


+39.5 


10. 


+ A' 


-A' 


tA- 


Yi 


+34.7 


10. 


-l-A- 


-A' 


H-A" 


Y 6 


+30.0 


10. 


-l-A' 


-A- 


+A" 


Y 8 


+25.0 


10. 


+A" 


-A' 


-l-A' 


1 2 


+ 0.0 


4. 




-A' 


-fA- 


3 4 


+ 2.2 


8. 


+ A- 


-A' 


-^A• 


5 6 


+ 3.9 


12- 


+ A' 


-V 


-l-A- 


7 8 


+ 5.9 


16- 


+A- 


-A' 


-l-A' 


9 9' 


+13.2 


20 


+» 


-A' 


-HV 


2 3 


- 5.1 


10 7708 


-A" 


-A" 


+ir 


4 5 


- 6,2 


12.8073 


-/,• 


-A" 


+{•• 


6 7 


- 7.6 


15 6198 


-A- 


~A" 


+ A- 


8 9 


- 9.2 


18,8672 


-u- 


-A- 


-l-A' 



B. Example 3 of Chapter XI. A Steel Truss 
Resume Example 3 of Chapter XL 
670. Strast Extensions. — Apply Formula 173 as before. 

Mem. A'ljBtrosa - 41.4 tons; C. L. 10.7708'; steel; upetion 8.00; - .0451". 
Mem. X 3; stress - 35.7 tons; C. L. 10.7708 ; steel; section 8.00; - .0389". 
Mpm. X 5;8tiese - 31,3 tons; C. L. 10.7708 ; steel; (Action 6.10; - .0441". 
Mem.X7;Btrees-26.4tons;C.L. 10.7708; steel; section 6.10; - .0374". 
Mem. X 9; stress - 21.7 tons; C.L. 10.7708; steel; section 5.12; - .0369". 
Mem. 23;strc8H- 5.0 tonH;C. L. 10.77ftS; steel; section 2.88; - .0151". 
Mem. 4 5; stress - 6.1 tons; C.L. 12.8073; steel; section 4.18; - .0155". 
Mem. e7;gtrcss - 7.5tonB;C.L. 15.6198; 8teel;»ection8.72; - .0189". 
Mem. 8 9; stress - 9.1 lon.i;C. L. 18.8872; steel; section 8.72; - .0163". 
Mem. yi; stress + 38.8ton8; C.L. 10.;steel;Bection7.06; + .04.'i.5". 
Mem. r2;stteaa + 38.8 tons; C.L. 10.;irtcel; sect io 
Mem. K4;stress + 34.l tons;C. L. 10.;st«cl;s 
Mem. y 6;stieBs + 29.5 tons; C. L. 10.;stecl; sectio 
Mem. r8;Btieee + 24.5tonB;C.L. 10.; steel; secti< 
Mem. 1 2; stress + 0.0 ton; C.L. 4. ;Btoel; section 1.44; + .0000". 
Mem. 3 4;Btre88 + 2.0 tons; C. L. 8.; steel; section 1.44; + .0092". 
Mem. 56;Btreaa + 3.8tons;C.L.12.;steel;swi(ionl.44; +.0262". 
Mem. 7 8;stre8a + 5.0 tons; C.L. 16.; steel; section 1.44; + .0543". 
Mcm,99';8tre88+ 12.9tans;C.L.20.;steel;Beclion2.64; + .0809". 



■n 7.06; + .0455". 
n7.06; + .O400". 
n 7.06; + .0346". 
n 5.12; + .03 
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^^^H 30S DEFORMATION 


OF TRTISSES 


ic... 


^^H 671. Tomperature Extensions. 


—Apply same formula 


as before, 1 


^^^V for st«el. 




J 


^^1 Member .Y 1 : C. L. 10.7708; - 60= 


-.0534"; + 40°, + .0356". | 


^^^H Same extensions for other members of upper chord. 


■ 


^^1 Member K 1 ; C. L. 10. ; - 60° - .0496"; + 40°, + .0331". 


J 


^^H Same extensions for other members of lower chord. 


M 


^^B Mcni.23:C.L. 10.7708 


- 60°, - .0534' 


; + 40°. + .0358". 


H 


^^H Mom. 4fi:C. L. 12.8073 


- 60°. - .0635' 


; + 40°. + .0423". 


^H 


^^H Meni.67:C.L. 15.6198 


-60°,'- .0775' 


; + 40°. + .0517". 


^^^^H 


^^1 Meni. 8 0: C. h. 18.8672 


- 60", - .0936' 


: +40°. + .0624". 


^^^^^H 


^^K Mem. I2:C.L. 4. - 60°, - .0198' 


:+ 40°. + .0132". 


^^^^^H 


^^H Mem,34:C.L. 8. - 60°, - .0397' 


; + 40°, + .0265". 


^^^^H 


^^M Mein.56:C.L.12, - 60*, - .0595' 


: + 40°. + .0397". 


^^^^^^1 


^^m Meiii.78:C.L.16. - 60°, - .0704' 


:+ 40°, + .0529". 


^^^^^^1 


^^B Mein.g9:C.L.20. - 60°, ~ .0992' 


: + 40°. + .oeei". 


^^^^1 


^^1 672. Iztension Sheet— 






■ — 


M-Mnm. C-lenjlh, 


Slnant. -60° at. 


+«)••«. 


■ ., 


-41 4 1 10.7708 


-A" 


-A" 


+A" 


^m 


-35 7 1 10.7708 


-t," 


-A" 


+*" 


^ X5 


-31,1 10 7708 


-A" 


-A" 


+*" 


X 7 


-20 4 1 10 7708 


-A" 


-A" 


+A" 


X 9 


-217 10 7708 


-A" 


-A" 


+A" 


Y 1 


+38 8 ' 10. 


+ A" 


-A" 


+A" 


Y 2 


+38 8 10. 


+A" 


-A" 


+*" 


Y i 


+34.1 10. 


+A" 


-A" 


+*" 


ra 


+ 29.5 10. 


+ A" 


-A" 


+A" 


Y 8 


+34.0 10 


+A" 


-A" 


+*" 


I 2 


+ 00. 4, 


+0 


-A" 


+A-' 


3 4 


+ 2,0 8. 


+A" 


-A" 


+A" 


5 6 


+ 3,8 1 12. 


+A" 


-A 


+A" 


78 


+ 5.9 ! 16, 


+ A" 


-A" 


+A" 


9 9' 


+ 12,9 ' 20 


+A" 


-A" 


+A" 


2 3 


- 5-0 10 7708 


-A" 


-A 


+A" 


4 5 


- 8 1 12 8073 


-A" 


-ft" 


+A" 


8 7 


- 7,6 15 6198 


-A" 


-A" 


+A" 


8 9 


- 9-1 18,8672 


-A" 


-A" 


+A" 


The method of computing the d 


nagoitudes of temperat 


ire Chang. 


in the lengths of truss members 


las been suffieientl.v 


(plained t 


niake it eas 
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cftble to more 


omplicatecl 


types of tr 


■ 




CHAPTER XIV 
WEIGHTS OF ROOF TRUaSES 

673. Qeneral Remarks. — It is frequently necessary to make an 
accurate estimate of tbe weight of a roof truss, especially if entirely 
constructed of steel, in order to determine its cost. Tlie weights 
of the members and connections are then computed and entered on 
a preliminary weight sheet. Should the total weight of the truss 
materially differ from its assumed weight by formula, employed in 
computing the P loads at the apexes, there should be a revision of 
the P loads, P stresses, maximum stresses, sectional dimensions of 
members in accordance with the preliminary total weight. The 
weights of the members are then revised, and the results of revision 
are entered on the revised weight sheet. A single revision is usually 
sufficient, though it may be repeated if necessary. The revised 
weights may then be safely taken as the actual weight of the truss. 
This method is here applied to several examples of trusses, already 
dimensioned in Chapter XI, and detailed in Chapter XII. 
Example 2. — A Wooden Truss 

G74. Description. — Resume Example 2 of Chapter XI, which 
is the same as Example I of Chapter IV, excepting that the crane 
and ceiling loads are omitted, and connections are us detailed in 
Fig. 596, Art. 633, of Chapter XII. Note that this half elevation 
of the truss is drawn at two different scales, one for the truss diagram 
only composed of the centre lines of the members, tbe other being 
much lai^r and to be used for the details of connections alone at 
an apex. 

67G. Calculation of Wei^its. — Timbers are here of shortleaf pine 
at 36* per cu. ft.; steel plates and rods at 489.6 # per cu. ft., as 
given in Cambria and Carnegie; cast-iron washers are taken at 
450* per cu. ft. Weight* of steel plates and bolts are taken from 
Cambria and Carnegie; those of rods, upset ends, nuts, and cast-iron 
washers are given in Tables V and W. It is most convenient to 
take centre lengths of menibers in ft. and hundredths, and the C. L. 
weights of members should be entered separately from the weights 
of connections at apexes; also the weights of the different materials 
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ehould be separated. The weight sheet will then contain data vei; 
useful in making rapid computations for similar trusses in futuiK 
The dimensions of members are here taken from the dimensioi 
sheet for this truss, Art. 570, Chapter XI. 

A. C.L. Weights of Members. 

676. Wooden Members. — 



Mem. X 1 ; C. L. 10.77'; 10 X 10"; 25 « per ft.; wt. = 
Members A' 3, X 5, X 7, and X 9 each have the same 
Mem. ri:C.L. 10.00'; 10 X 12"; 30* pertt.;wt. = 
Members Y 2, 1' 4, l' 6, and Y 8 each have Ihe same i 



10.77 X25 = 269.3*. 

10.00 X 3d- 300.0 «. 
;ighu. 



Mem.23:C. L. 10.77';6xa";9«perft.;wt. = 10.77X9 = 96.9* 
Mcm.45;C. L. 12.8I';ex6";9ll( perft.;wt. - 12.81 X9= 115.3 ».. 
Mem.67:C. L.15.62';6X8";I2« perft.lwt. = 15.62X12 - 187.411. 
Mem.89:C. L. J8.87';8X8";16# perft.;wt. = 18.87 X 16 = 301.9*. 

677. Steel Hembers. — 

Mem, 12:C.L. 4.00'; l,—"rod;0.67# perft.;wt. = 4,00X0.67 = 2.7* 



Mem. 3 4: C. L. 8.00'; 1, — " rod; 0.67 » per ft.; w 



Mem.56:C.L.12.00',l,- 



( per ft.;n-t. = 12.00 X 1.26 - IS.l «. 



MMn.78:C.L. 16.00';!,— "B.; 1.76 « perft.;wt. = 16.00 X 176 =28.2*. 



Mein.99':C.I,.: 



'16 



I per ft, ; wt. = 20.00 X 1.00 = 92,0 • 



k 



B. Weights of Connettions. 

678. Wooden Members. — The lower end of A' 1 is assumed t 
be cut off to fit on top of >' 1, which eirtends one foot beyond e 
end apex to afford bearing of wall. The los.s or increase in lengU) 
of a wooden member is measured on its centre line. 
AI(-m,.Yl: deduct 1.8';25 «pcrft,;dtdu(;lion = 1.8 X 25 « =45,0*. 
Members X 3, Y 5,X7,X9 require no deductions at apexes. 
Mem, ri:add 1.00'; 30* per ft.; addition = 1.00X30,0 = 30.0*. 
Members Y2, Y 4, YQ, y 8 require no dedactions at apexes. 
Mem, 23:deduct2.44';9« perft.ideduction =2.44X9 = 22.0*. 
Mem. 4 5: deduct 1,57'; 9* per ft.; deduction = 1.57 X9 - 14,1*. 
Meni.67:deductl.3a';12* pet ft.; deduction = 1 36 X 12 = 16.4 i. 
MCTn.89;deductl.2T'; 16* pertl.; deduction = 1.27 X 16 =20.3*. 

679. Steel Rods, Upset Ends, Huts, Cast-iron Washers (Ait 
1)35). — The additioiiid length of each steel rod = sum of di-ftance^ Bt 
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ends from apex to nearest end of upset. To its weight is to be adiletl 
the weights of two upset ends, two nuts, and two cast-iron washers, 
the latter being entered in a separate column of the preliminary 
weight sheet. The ends of rod 1 2 are not upset, since the stress 
on it = 0.0 ton in stress sheet. 

Member 1 2; add 1.50' ft. X 0.67 « X 1.0* ; 2 nuts = 0.17 # 
by Table W; 2 C. I. washers = 1.41 # by Table W. Addition for 
steel = 1.0 + 0.17 = 1.17 « ; for C. I. 1.41 # . 

Member 3 4: add 0.76' X 0.67 « = 0.61 » ; by Table V, 2 upset 
ends = 1.06* ; 2 nuts = 0.63 # ; 2 C. I. washers = 3.45*. Add 
for steel 0.51 + 1.68 + 0.63 = 2.20 # ; for C. I, 3.45 * . 

Member 5 6: add 0.76' X 1.26 # = 0.96 #; 2 upsets = 1.99* by 
Table V; 2 nuts = 1.42*. Add for steel 0.96 + 1.99 + 1.42 = 
4.37 « ; 2 C. I. washers = 8.42 » by Table V. 

Member 7 8; add 0.90' X 1.76* = 1.58* ; 2 upset ends = 2.76*; 
2 nuts = 2.04 # . Add for steel 1 .58 + 2.67 + 2.04 = 6.30 # ; 2 C. I. 
washers = 12.82 * . 

Member 9 9': add 0.93' + 4.60 = 4.28# ; 2 upsets = 7.15* ; 
2 nut« = 11.11*. Add for steel 4.28 + 7.15 + 11.11 = 22.50*; 2 
C. I. washers = 55.2 % . 

680. Splices In Chords. — Connection of X 1 and Y 1, 
2, H" fish-plates, 6.01 sq. ft. each X 15.3 « = 183.9 # 

16, 1" X 15" bolts X 4.27 # each = 68.3 » 

2, H" X 15" bolts X 2.21 « each = 4.4 * 



Total steel = 
Splice in Y 4. 
2, M" fish-plates, 6.15 sq. ft. each X 15.: 
14, 1" X 15" Iwlls X 4.27 # each = 

Total steel = 
Splice in r 8 at middle of span. 
2. «" fish-plates, 4.20 sq.ft. X 15.3 « ■■ 
12, 1" X 15" bolts X 4.27 * each = 

Total steel = 
Splice in X 4. 
4, 1" X 1 1" bolts X 3.39 « each = 



256.6 * 



188.2 « 
59.8 « 



181.6 * 
13.S ti 
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^^V The C. L. weights are computed, doubled, excepting for the middle 1 
^^^ member 9 9', and entered on the preiiminary weight sheet. The 1 
1 additional weights of the connections are next doubled, except tor 1 
L ends of 9 9', and entered on the same sheet in a separate column for 1 
^^B each material. M 

^^B 661. Prelimlnarr Weight Sheet.— ■ 


^^H ^' C-l«iiKth 


Dimen- Weight 


«• 




Conn. 


c^^i;^! 






10X10"! 25.00 

10X10" '25.00 
10X10" 125.00 
10X10" i 25.00 
10X10" I 25.00 
10X12": 30.00 
10X12" 30.00 
10X12" ,30.00 
10X12" '30.00 
10X12". 30.00 


538.6 
538.6 
538.6 
538.6 
538.6 
600.0 
600.0 
600.0 
600.0 
600.0 






1 


^^H X 3 


10.77 

10.77 
10.77 
10.77 
10.0() 
10.00 
10.00 
10.00 
10.00 
4.00 
8.00 
12.00 
16.00 
20.00 
10.77 
12.81 
15.62 
18.87 




0.0 




1 


^^H X 5 




I 


^^H X 7 






1 


^^H X 9 








^^m y 1 




+80.0 


+ 513.2 ■ 


^^r 






+ 4«.........| 








r 8 






+ 181.8 
+ 2.3 
+ 4.4 
+ 8.7 
+ 12.6 
+ 22.5 


+ 24 
+ «.9! 
+ 16.8 
+ 35.S 
+ 55.3 


L 1 2 

^^m 7 8 


1, H"R 
1, Hi"R 
1. H"R 
1. H"R 
l,lA"R 
6X6" 
6X6" 
6X8" 
8X8" 


0.87 
0.87 
1.26 
1.76 
4.60 
9,00 
9.00 
12.00 
10.00 


+ .^.4 
10.8 
30,3 
56,4 
92.0 




4 5 
6 7 

8 B 








374.8 1 32,8 

603,8 40.6 














+7096.0 14-1948 -145.6 


+1288.7 


+107^ 


682. Results of Prelimlnaiy Weight Sheet.— 

C. L. Weights. Comiection Weights. 
W^ood 7096.0 Steel 1268.7 
Steel 194.8 C.Iron 107.4 

C. L. Weights 7290.8 1376.1 
Conn. Weights 1230.5 Deduct wood 145.6 

Total weight 8521.3 lbs. = weight of trusa. 1230.5 lbs. 

Then " ■ "^ = 5.861 lbs. per horizontal sq. ft. instead of 5.61 
lbs. assumed liy application of the formula for weight of truss. 



D,B,tracb,L300<^IC 
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+ 3 + 3 + 5.681 cos 21.8") = 2631 lbs, = 1.316 



P = 161.55 (2 
tons per apex. 

Hence the P stresses are to be increased in the proportion of 
46 
1.316 : 1.310 : : P stress : revised P stress, or by j^^ of 1 per cent. 

These revised P stresses are very quickly computed by a good 
slide rule. 

683. Reviaed Streis, Dimension, and Weiffbt Sheet. — 



U«ntM-. 


Re*. 


S^. 


H..™. 


M^u„. 


C-i.t.(U. 


D,...-.„ 


W.ifht.- 


X 1 


-16.7 


-16.6 


- 9.0 


-33,3 


10.77 


Ah before 


Ab before 


X 3 


-14.4 


-14,3 


- 7,8 


-28,7 


10.77 


As before 


As before 


X G 


-12.7 


-12.6 


- 6-5 


-25,3 


10-77 


As before 


As before 


X 7 


-10.9 


-10,8 


- 5,3 


-21-7 


10.77 


Afl before 


As before 


X 9 


- 9.0 


- 9,0 


- 4,1 


-18-0 


10,77 


Ah before 


Ah before 


Y 1 


+15-0 


+14,9 


+ 9-7 


+29-9 


10.00 


Aa before 


Ah before 


Y2 


+15-0 


+14.0 


+ 9-7 


+29-0 


1000 


As before 


As before 


Y 4 


+13-4 


+13.3 


+ 8,1 


+26.7 


10,00 


As before 


As before 


Y 6 


+ 11.8 


+11-7 


+ 6,6 


+23,5 


10,00 


As before 


As before 


Y% 


+10-1 


+10-0 


+ 5.0 


+20.1 


10,00 


As before 


As before 


1 2 


+ 0.0 


+ 0.0 


+ 0,0 


+ 0.0 


4.00 


As before 


Aa before 


3 4 


+ 0.7 


+ 0,7 


+ 6 


+ 1,4 


8,00 


As before 


Ah before 


5 6 


+ 1.3 


+ 1-3 


+ 1,3 


+ 2,6 


12.00 


As beJorc 


As before 


7 8 


+ 2.0 


+ 2-0 


+ 19 


+ 4.0 


16-00 


As before 


Aa before 


9 9' 


+ 5.3 


+ 5.3 


+ 2,6 


+10,6 


20.00 


As be/ore 


As before 


2 3 


- 1.7 


- 1-7 


- 1 7 


- 3,4 


10.77 


As before 


Aa before 


4 5 


- 2.1 


- 2-1 


- 2 


- 4,2 


12.81 


As before 


As before 


6 7 


- 2,6 


- 2.8 


- 2,4 


- 5-2 


15.62 


As before 


Aa before 


*< 9 


- 3,1 


- 3.1 


- 3.0 


- 6,2 


18,87 


Ab before 


As before 



684. ReBiites of Revised Weight Sheet. — The diniL'iisious required 
for the maximum atres.ses are determined in the manner previously 
employed, but the increa-se in stresses is so small that no changes in 
dimensions are required. Hence the two weight sheets will coincide 
and the weights previously obtained may be taken as the actual 
weights of the menilwrn and connections. 

The fultowiDi;; data are then easily compute) and are valuable 
for comparison with weights of similar tras-ses in future. 
7096.0 - 145.6 „, 57 



8521,3 



= 81 



1(«) 



per cent, wciglil of w 



lkI. 



374 WEIGHTS OF ROOF TRUSSES [Ch. 14 

194.8+ 1268.7 ,_ 17 ^ ■ u. r * i 
8^l"3 ^ 100 '*'' ^ ' ^^'Snt of steel. 

107.3 ,26 ^ ■ i.^ t ^■ 

oEoi 3 = 1 Too ^^^ ^ ' "^'2"* ™ cast-iron. 

1230 5 88 

720(78 ^ ^^ Tm ^^^ '^^°*^ *^ ^ added to centre length weights to 

allow for weight of connections at apexes. 

Example 3, — A Steel Truss 

S86. A Steel Truss for the Some Boot. — Resume Example 3 
of Chapter XI, Art. 571, and of Chapter XII, Art. 637, which is a 
steel truss for the same pmpose as the wooden truss in Example 2. 
Each member is composed of two aisles, the connections at apexes 
being made by riveted gussets placed between them and at splices 
by riveted cover plate over them. 

Resume dimension sheet of Art. 593, Chapter XI, and details 
of connections as in Art. 601, Chapter XII. Both I^s of the ai^es 

are riveted, and — " rivets are used throughout. Gussets are made 

-^" thick to develop full shear in rivets. 

686. Centre Length Wei^s. — These are easily computed from 
the data on the preliminary weight sheet, doubling the weight of 
each member, except for the middle vertical, then inserting in the 
proper column. 

687. Weights oi ConnectionB. — Computed separately for each 
apex in accordance with details in Pigs. 601 to 606. These are also 
doubled, except for the apexes at ends of the middle vertical, and 
are then inserted in the weight sheet. 

Connection of X 1 and K 1 (Figs. 601, 602, 603). 

Extra length of X 1, 0.52' X 22.6 # = 12.0 

2pieces,5 X 3 X H Ls, 1.05' X 25.6# = 26.9 

2pieces,3 X 3 X ^ Ls, 1.05' X 16.6# = 17.4 

2piece9,6X6X 1 Ls, 1.00' X 74.8 # = 74.8 

Gusset, 2.29 sq. ft. X 25.5 * = 58.4 

98 rivet heads X>^«= 16.3 

205.8 
Deduct for Y 1, 0.65' X 19.6 # = 12.7 

193.1X2=386.2# 
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Ex. 3} A STEEL TRTTSS 

Connection oi X 1, X 3, etc. 

2 pieces, 2'AX2<AX'A ha, 0.45'X 8.2 » = 3.7 

Gusset, 0.78 sq.ft. X25.5# = 19.9 

40rivetliead8 X l/6# = 6.7 

30.3 

Deductforl 2, 0.27' X 5.0 # = 1.4 

Deduct for 2 3,046' X 9.8 # = 4.5 5.9 

24.4X2- 
Connection of Y I, Y 2, etc. 

Gusaet, 0.15 sq.ft. X 25.S# = 3.8 

4rivetliead8X 1/6 #= 07 

4.5 
Deductforl 2, 0.25' X 5.0 * - 1.3 

3.2X2- 
Connection of X 3, X 5, etc. Splice. 

2pieces,3 X 2}^ X XLs,0.50' X 9.0* - 4.5 

2pieces,2 X2 X ft Ls, 0.55' X 5.0 * - 2.8 

Guaaet, 1.00 aq. ft. X 25.5 # - 25.5 

Cover, l.W XefiXVg, I.IC X 8.45» - 9.3 

64 rivet heads X 1/6 # = 107 

Deduct for 3 4, 0.27' X 5.0 »- 1.4 52.8 

Deduct for 4 5,0.35' X 14.4 « - 5.0 6.4 

46.4X2- : 

Connection of K 2, K 4, etc. Splice. 

2pieces,2MX2 X XL8,0.70' X 5.6* - 3.9 

2piece8,2 X2 X A Ls, 055' X 5.0 # = 2.8 

Gusset, 1.12aq.ft. X 25.5* - 28.6 

Cover, 1.08' xes^mx A", 1.08' X7.04*-.. .. 7.6 

66 rivet heads X 1/6* = 11.0 

53.9 

Deduct for 2 3, 0.60' X 9.8 # = 5.9 

Deduct for 3 4,0.26' X 5.0*- 1.3 7.2 

46.7X2- ! 



„ Google 



376 WEIGHTS OF ROOF TRUSSES 

Connection ot X 5, X 7, etc. 

2 pieces, 2 X 2 X ft Ls, 0.50' X 5.0 i = 2.5 

2 pieces, 3^ X 2^ X K I^. 0.65' X 9.8 * = 6.4 

Gusset, 1.12 sq. ft. X 25.5 # = 28.6 

40 rivet heads X 1/6 # = 6.7 

Deduct for 5 6, CSC X 5.0 # = 1.5 

Deduct for 6 7,0.30' X 17.4 #= 5.2 6.7 



37.5X2= 75.0# 



Connection <rf K 4, F 6, etc. 

2 pieces, 2 X 2 X ft Ls, 0.60' X 5.0 # = 3.0 

2 pieces, 3 X 2^ X ji Ls, 0.70' X 9.0 # = 6.3 

Gusset, 0.87 sq. ft. X 25.5# - 29.2 

48 rivet heads X 1/6* = 8.0 

39.5 

Deduct for4 5,0.30' X 14.4 # = 4.3 

Deduct for 5 6, 0.25' X 5.0 # = 1.3 5.6 



33.9X2= 67.8 # 



Connection of X 7, X 9, etc. Splice. 

2pieces,2 X2 X ft Ls, 0.60' X 5.0* = 3.0 

2 pieces, 4 X3 X A Ls, 0.60' X 14.4* = 8.6 

Gusset, 1.42 sq. ft. X 25.5 * = 36.2 

Cover, 1.12' X 6H X ft", 1.12' X 7.24 «= 7.9 

66 rivet heads X 1/6 # = 11.0 

66.7 
Deduct for 7 8,2 X2X ft,0.25'X 5.0*= 1.3 
Deduct for 89,4X3 XA,0.25'X 14.4*= 3.6 4.9 " 

61.8X2 = 
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Ex. 3) A STEEL TBUSS 377 

Connection oi Y 6, Y 8, etc. Splice. 

2pieces,3Hx2HXMLs. 0.60'X 9.8 # = 5.8 

2pieces,2 X 2 X ft Ls,0.60'X 5.0 # = 3.0 

Gusset, 1.02 sq. ft. X 25.5 # = 26.C 

Cover, 1.12 X 7.04* = 7.9 

70 rivet heads X 1/6 # = 11.7 

54.4 

Deduct for 6 7, 0.35' X 17.4 # = 6.1 

Deduct for 7 8, 0.25' X 5.0# = 1.3 7.4 

47.0X2=- 94.0# 



Connection of X 9, X 9', etc. Splice. 

2piece8,2HX2 X MLs. 0.55'X 7.4 # = 4.1 

Gusset, 0.77 sq. ft. X 25.5 # = 19.7 

2 covers, 2.0' X 0.45', 0.9 sq. ft. X 10.2 * = 9.2 

Cover, 1.0' X 6^ X H", 1-0' X 6.0 # = 6.0 

48 rivet iieads X l/6# = 8.0 

47.0 

Deduct for 9 9', 0.40' X 8.2 # = 3.3 



Connection of K 8, K 8', etc. 

2piece8,2i^X2 X M H 0.85'X 7.4((( = 6.3 

2 pieces, 3H X 2J/^ X KI^.0.70'X 9.8 « = 6.9 

2 pieces, 3H X 2H X M Ls, 0.70'X 9.8 * = 6.9 

Gusset, 2.18 sq.ft. X25.5«= 55.6 

88 rivet heads X 1/6 # = 14.7 



Deduct for 89,0.4' X 24.6# = 9.9 

Deduct for 8 9", 0.4' X 24.6 # = 9.9 

Deductfor 99",0.25'X8.2# = 2.1 21.9 
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378 WEIGHTS OF ROOF TRUSSES 

688. Prsllminaiy Wei^ Sheet — 



Member. 


C-lenjth. 




pSISf, 


AV.. 


w%7,. 


X ; 


10.77' 


2, 5X3xALs 


22. ft* 


«,., 


+386 2 


X 3 


10.77 


2, 5X3XA 


22,6 


486.8 


48.8 


X 5 


10.77 


2,5X3XH 


19,6 


422 2 


92.8 


X 7 


10.77 


2, 5X3XN 


19.6 


422.2 


75,0 


X 9 


10.77 


2, 5X3XA 


16.4 


353.3 


123-6 


Y 1 


10 00 


2, 5X3X?^ 


19.6 


392 


6,4 


Y 2 


10,00 


2,5X3XH 


19.6 


392,0 


93,4 


r 4 


10 00 


2, 5X3XH 


19.6 


392.0 


67,8 


r 6 


10.00 


2,5X3XH 


19.6 


392.0 


94.0 


r 8 


10.00 


2, 5X3xft 


16.4 


328.0 


68.5 


I 2 


400 


2, 2x2xA 


6,0 


40,0 




3 4 


8.00 


2, 2X2XA 


5.0 


80.0 




5 6 


12.00 


2, 2X2XA 


5.0 


120.0 




7 8 


16,00 


2, 2X2XA ■ 


5.0 


160.0 




9 9- 


20,00 


2,2MX2J^XW 


8.2 


164.0 


43,7 


2 3 


10,77 


2, 3J^X2^XM 


9 8 


211.1 




4 5 


12,81 


2, 4X3xA 


14.4 


368.9 




6 7 


15,62 


2, 5X3HXA 


17.4 


543.6 




8 9 


18.87 


2,6X4X?^ 


24,6 


928.4 






6683.3 


1100.2 



689. Results Obtained from Preliminary Wtigbt Sheet. — 

C.L. weights 6683.3 

Conn, weights 1100.2 

Total 7783.8 Iba. 

Then -j^: : = 5.189 lbs. per horizontal sq. ft, instead of 5.161 lbs. 
assumed by the formula. 

P = 161..55 (2 + 3 + 3 + 3 + 5.189 cos 21.8") = 2555 lbs. = 
1.278 tons. 

Hencel.149 : 1.278 : : Pstress : revised P stress. 

Entering the revised P stresses, 5 stresses, and W stresses on the 
Revised Weight Sheet and computing the maximum stress, the 
sectional dimensions of the members are determined as before. 
No changes are found to be necessary in these dimensions, although 
the P stresses have been slightly increased. Therefore the pre- 
liminary total weight may be taken as the revised total weight of 
the truss. 
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Ex. 5| A STEEL FINK TBUSS 

690. B«Tl8ed Welffht Sheet.— 



M»b„. 


IU..P.t,«. 


S^tnm. 


Rev. 


C-lenttb. 




X 1 


-16,1 


-16.6 


-32.7 


10-77 


As before 


A' 3 


-13.9 


-14.3 


-28.2 


10,77 


As before 


X 5 


-12.2 


-12.6 


-24.8 


10.77 


Aa before 


X 7 


-10.5 


-10.8 


-21.3 


10.77 


As before 


X 9 


- 8.8 


- 9 


-17.8 


10.77 


A3 before 


Y 1 


+ 14.5 


+14.9 


+29.4 


10,00 


As before 


¥2 


+14.5 


+14.9 


+29.4 


10.00 


As before 


Y i 


+13 


+13,3 


+26.3 


10.00 


As before 


Y 6 


+11.4 


+11.7 


+23.1 


10.00 


As before 


Y 8 


+ 9.7 


+ 10.0 


+ 19.7 


10.00 


As before 


1 2 


+ 0,0 


+ 0.0 


+ 0.0 


4.00 


As before 


3 4 


+ 0.7 


+ 0,7 


+ 1.4 


8.00 


As before 


5 6 


+ 1-2 


+ 1.3 


+ 2.5 


12,00 


As before 


7 8 


+ 1.9 


+ 2.0 


+ 3.9 


16,00 


As before 


g 9' 


+ 5,1 


+ 5,2 


+10.3 


20.00 


As before 


2 3 


- 1.6 


- 1.7 


- 3.3 


10.77 


As before 


4 5 


- 2.0 


- 2.1 


- 4 1 


12.81 


As before 


6 7 


- 2.5 


- 2.6 


- 5.1 


15,62 


As before 


8 9 


- 3,1 


- 3.1 


- 6.2 


18.87 


As before 



Tbea^ 



16 Yjyj per cent to be added to C. L. weights to allow 



691. Hnal ReniltB. 
1100^ _ 

B.3 *" 100 
for weight of connections at apexes. 

Examples 5 A and B. — Steel Fink Truss with Cambered Lower 
Chord 

692. Oeneral Description. — Resume Example 5, Art. 118, 
Fig. 76, of Chapter IV, Chapter XI, and Chapter XII. This is a 
steel truss of 128 ft. span, divided into 16 equal panels, with lower 
chord cambered 2 ft. at the middle. 

Under present conditions, it would not be economical to construct 
a Fink truss of wooden timbers and steel rods on account of cost of 
timber and the difficulty of making connections at the apexes. The 
wooden truss would also probably cost more than one entirely of 
steel. 

In making this truss of steel, either one of two general systems of 
construction may be used for the sections of the members and their 
connections at the apexes. 
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!0 WEIGHTS OF EOOF TRUSSES (Ch. U 

1, Upper chord is composed of pairs of channels latticed together 
on top and bottom flanges; each web strut consists of a pair of 
angles riveted to an eye-gusset at each end; each web tie and each 
member of the lower chord is composed of a pair of loop-welded 
eye-rods, the eye-ends being flattened to 4/5 diameter; all 
connections are made on pins with each end recettsed and with pin 
nuts. 

2. Each member of the truss consists of a pair of angles; all 
connections are riveted, made with gussets, and covers at eplioee, if 



Both systems will be applied to this example in order to detemiine 
tiieu comparative economy in weight and cost. 

A.— Pin Connections 

693. Description.— Resunje dimension sheet of Art. 593, Chapter 
XI. The P, S, and maximum strtswes, C lengths, and weight per 
foot are entered on Preliminary Weight Sheet; the weights of con 
tions are then computed from details and data for same example 
in Chapter XII and also entered. 

694. Wei^ of Latticing for One Member of Upper Chord.— 
To make the member equally stiff both horizontally and vertically 
the channels are set 6" apart and latticed together with single bars, 
i'i X 2", using J.^" rivets. 

4 batten plates, 0.90' h]iXM"; 3.6 ft. X 4.08 # = 16.8 

78 lattice bars, 1.04' X 2 X %", 81.1 ft. X 1.70 « = 137.9 

80 rivet heads X 1 /6 # = 13.3 

Total 168.0 

For both sides of roof. 168.0 X 2 = 336.0 « 

696. Weights of Connections at Apexes. — Connection of A' 1 

and 1' 1, omitting expansion rolls and seats (Figs. 607, 608, 609). 

2, 9" 15 « channels, 0.40' X 30 « = 12.0 

2 plates. 1.40' X 8 X H", 1.40'X 2 X 13.6* =..,,38.1 

40 rivet heads X 1/6* = 6.7 

3A"pin,body,24.4#,2ends,4.2#,2nuta,6.0# = 34.6 
2 loop ends on 2V^" rods, 3.83' X 16.7* = 64.4 

Total 1.55.4X2 = 310.8« 







Ex. S] A STEEL PINTC TRUSS 381 

Connection of A' I, A' 2; X 5, X 0; X 9, X 10; X 13, X 14, etc. 
(Figs. 607, 615). 
lA"pin; body, 3.7 # ; ends, 1.5 #; nuts, 5.0* =-, 10.2 

For 1 2, 0.67' X2xH" = 0.67 X 4.25 # = 2.9 

4 rivet heads X 1/6 # = 0.7 

13.8X2= 27.6# ■ 
Connection of F 1, 7 3, etc. (Fig. 607). 
3,'," pin; body, 25.2 * ; ends, 4.2 « ; nuts, 6.0 #= - 35.4 

r 1. 2 loop ends on 2>^" rods, 4.0' X 16.7 « = 66.8 

1' 3, 2 loop ends on 2^" rods, 3.8' X 15.1 * = 57.4 

2 3, 2 loop enda on H" rods, 2.8' X 1.3 # = 3.6 

1 2,0.67',2X5^"=0*67X4.25#= 2.9 

4 rivet heads X 1/6 # = 0.7 

166.8X2 = 333.6* 

Connection of X 2, A* 5; X 10, A' 13, etc. (Figs. 607, 609, 618). 
lM"pin;body,5.3# ; enda, 1.5*; nuta, 5.0* = ,.. 11.8 

3 4, 0.75', 2 X ^"=0.75 X 4.25# = 3.2 

4 rivet heads X 1/6 « = 0.7 

2 3. 2 loop ends on H"rod3 = 1.7' X i.26# = 1.1 

4 5, 2l.x)pend8onH"rod8= 1.7' X 1.26# = . ... 1.1 



17.9X2= 35.8# 



Coiuiection of Y 3, Y 7, etc. (Rgs. 607, 618). 

3A"pin;body, 25.2 #; ends, 4.2 #; nuts, 6.0* =. 35.4 

Y 3. 2 loop ends on 2?^" rods, 4.0' X 16.7 « = 66.8 

l'7,21oopendson2if rods, 3.8' X 13.5* = 51.3 

4 7,2!oopend8onl"rod,3.0' X2.67# = 8.0 

3 4,0.75' X 2 X 5-8" = 0.75' X 4.25 * = 3.2 

4 rivet heads X 1/6 * = 0.7 



165.4X2 = 330.8* 



Connection of A' 6, X 9, etc. (Figs, 607, 617, 619). 

1 W pin ; body, 5.9 # ; ends, 1 .5 « ; nuts, 5.0 # = . . . 12.4 

2 plates, 2 X 2.7.".' X 8 X H = 2.75 X2X 13.6=, 74.8 

7 8, 1.08' X 4 X 58" = 108' X 8.5 # = 9.2 

6 7,21oopend3onrod8,2.2' X 3.70* = 8.3 

8 9,2loopendsonrod3, 2.2' X 3.79* = 8.3 

108 rivpt heads X 1/6* = 19.0 



131,0X2 = 262.0* 



WEIGBTB OF ROOF TRUSSES 

Connection oi Y7,Y 15, etc. (Figs. 607, 619). 

2H"pin;body, 15.lDI;ends,2.0* ; nuts,5.0#=. 22.1 

y 7, 2 loop ends, 3.3' X 13.5 # = 44.5 

Y 15, 2 loop ends, 3.0' X 8.8 # = 26.4 

8 15, 2 loop ends, 2.7' X 4.60 ft = 12.4 

7 8, 1.08' X 4 X 5^" = 1.08 X 8.5# = 9.2 

4 rivet heads X 1/6 # = 0.7 

115.3X2 = 230.6* 
Connection of 4 7, 6 7; 8 9, 8 11, etc. (Fig. 607). 
1 tt" pin; body, 3.5 # ; ends, 1.5 # ; nuts, 5.0 # = . . 10.0 

4 7, 2 loop ends on rods, 2.0' X 2.67 # = 5.4 

6 7, 2 loop ends on rods, 2.0' X3.77# = 7.5 

4 5, 2 loop ends on rods, 1.7' X 1.26* = 2.1 

5 6, 0.67' X2XH" = 0.67 X 5.25 # = 3.7 

4 rivet heads X 1/6 # = 0.7 



29.4X2= 58.8* 



Connection of 8 15, 12 15, etc. (Fig. 607). 

1 a" pin; body, 5.9 * ; ends, 1.5 # ; nuts, 5.0 * = . . 12.4 

8 15, 2 loop ends on rods, 2.2' X4.6« = 10.1 

12 15, 2 loop ends on rods, 2.4' X 7.05 « = 16.9 

8 11, 2 loop ends on rods, 2.0' X 2.7 #= 5.4 

11 12, 0.75' X 4.25 * = 3.2 

4 rivet heads X 1/6 # = 0.7 

48.7X2= 97.4* 
Connection of 12 15, 14 15, etc. (Fig. 607). 
2A"pin;body,9.81# ; ends.2.0#; nut8,5.0# = 16.8 

12 15, 2 loop ends on rods, 2.75' X 7.05 # = 19.3 

12 13, 2 loop ends on rods, 2.20' X 1.26 # = 2.8 

14 15, 2 loop ends on rods, 2.75' X 8.18 # = 22.5 

13 14, 0.67' X 4.25 # = 2.8 

4 rivet heads X 1/6 # = 0.7 

64.9X2 = 129.8* 
Connection of A' 14, X 14', etc. {Fig«. 607, 620). 
3 A" pin; hodv, 17.5S; ends, 2.5 #: nuts, 6.0*= 26.0 

2 plates, 2.42' x 8 X fi" = 2.42 X 8.5 = 20.6 

14 15, 2 loop ends, 3.25' X 16.4 # = 53.3 

14' 15', 2 loop ends, 3.25' X 16.4 #= 53.3 

15 15', Hoop end, 1.67' X 1.3* = 2.2 

80 rivet heads X 1/6 # = 13.3 



ft 



7X1-108.7* 



El. SJ A STEEL FINK TRUSS 

Connection of Y !5, Y 15', etc. (Fig. 607). 

2H"pm; body, 10.6 #; ends, 2.5 #; nuts, 6.0 #= 19.1 

Y 14, 2 loop ends, 3.0' X 8.77 # = 24.3 

Y 14', 2 loop ends, 3.0' X 8.77 # = 24.3 

15 15', 1 loopend, 1.17' X 1.3 # = 1.5 



696. PrelimlnaiT Wti^ Sheet — 



Uanbw. 


C-Jn.,th 




Walcht 
per loot. 


C. L. , ... 


«-. ^=- 


X 1 


8.61 


2,9"Xl.-.«Ch. 


30.0 


516,0 1 338 


310.8 


X2 


8.61 


2,9"X15« 


30.0 


.516.6 33€ 


.0 27.6 


X s 


8.61 


2,9"X15« 


30.0 


516.6 1 336 


.0 34,8 


xa 


8.61 


2,9"X15« 


30.0 


516.6 336 


.0 27.6 


X g 


8.61 


2, 9" X ism 


30.0 


516 6 33e 


262.0 


X 10 


8.61 


2.9"X15« 


30-0 


516.9 336 


.0 27.6 


X 13 


8.61 


2,9"X15# 


30 


516 6 336 


.0 34.8 


X 14 


8.61 


2,9"X15# 


30 


516,6 336 


.0 27.6 


y 1 


9.17 


2.2^" R. 


33 4 


612.6 .... 


... 333.6 


Y3 


9.17 


2,2Ji"R. 


30.1 


552.0 


... 330.8 


Y 7 


18.34 


2,2H''B- 


27.0 


1458.0 j.... 


... 230.6 


Y 15 


27 36 


2,lH"R. 


17.5 


957.6 ! ,,. 


69.2 


1 2 


3,14 


2,2x2xA''Ls 


5.0 


31,4 |..,. 




3 4 


6 27 


2.2J^XK" 


7.4 


92.8 ',... 




5 6 


3.14 


2,2X2XA" 


5.0 


31.4 




7 8 


12.54 


2,4X3xft" 


14,4 


361 2 1 




9 10 


3.14 


2,2X2XA" 


5,0 


31.4 .... 




11 12 


6.27 


2,2KX2xK" 


7.4 


92,8 .... 




13 14 


3-14 


2,2X2XiV' 


5,0 


31,4 , - 




2 3 


9,17 


2,H"R. 


2.5 


45.9 ,-, 




4 5 


9.17 


2, H"R. 


2 5 


45,9 




4 7 


9 17 


2,1"R. 


5 3 


97,2 .... 




6 7 


9,17 


2, lft"R. 


1J> 


137.6 ., , 




S 9 


9,17 


2,lA"R. 


7.5 


137 6 


... 68,8 


8 11 


9 17 


2, 1" R. 


5 3 


97.2 .... 




8 15 


18.34 


2,lA"R. 


9 2 


337,5 , . 


97.4 


10 11 


9.17 


2,H"R. 


2 5 


45.9 ,.,, 




12 13 


9,17 


2,H"R. 


2-S 


45.9 .... 




12 15 


9,17 


2,l5^"R. 


14.1 


258.6 


... 129.8 


14 15 


9 17 


2, iji"R. 


16 4 


300.8 .... 




15 15' 


23 60 


1, H"R. 

Totals 


1.3 


30.7 .-,, 


. . 168.7 




9966.2 I 2688 


.0 2230 5 
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WEIGHTS OF ROOF TRUSSES 
687. Bssutts ot PrBliminary WeU:ht Sheet. — 

C. L. weights = 9%6.2 

Latticing upper chord = 2688.0 

Connections at apexes= 2230.5 



Total weight of truss 14884.7 Ibfi. 

884.7 ^ 
.„ X 128 
sssumed by formula 

P 
1.224 
puted 



14884 7 
Then " = 7.268 lbs. jwr iiorizontal sq. ft. inst(-ad of G.43 lbs. 



P = 137.92 (2 + 3 + 3 -I- 3 -f- 7.268 cos 21.8°) = 2448 lbs. - 
1.224 tons apex load instead of 1.171 tons as previoasly com- 
Duted. 



1.224- 1,171 ,44 , . . ^^ 

— YWfT — ^ TjYi per c^it, increase mr stresses. 



I 



Then- 



Computing these increases and adding them to the corresponding 
P stresses, obtaining the maximum stresses in members, then re- 
vising their sectional dimensions as before, we find that no changes 
in these are required. Therefore the dimensions and weights on 
the preliminary weight sheet may be taken as the actual weights (rf 
the truss. 

If the latticing of the members of the upper chord be added to: 
the C. L. weights, we then obtain: 

C. L. weights = 9966.2 

Latticing = 2688.0 



Total 12654.2 

2230 5 63 

"^^^ lOfiM? ^ '^100 '^^'^ '^^'^^ ^ ^ added to C. L. weights Tot 
the weights of connertioas at apexes. 

B, — Riveted Connections 

698. Description. — Same as Example 5 A, but entirely construct- 
ed of angles with gussets and riveted connections at all apexes. 
Resmne dimension sheet, Art. 599, Chapter XI, and details (rf 
connections in Arts. 655, 656, of Chapter XI!. 



699. Weights of Connections at Apexes. - 

and 1' 1 (Figs. 621,622). 



[^'onnection of .X 1 



Ex. 5) A STEEL FINK TRUSS 385 

X 1, add 1.00' X 36.2 # = 36.2 

2pieces,6 X4 X ^", 1.8' X 24.6 « = 44.3 

2 pieces, 3H X3HX^", 1.9' X 17.5 # = 32.3 

2 pieces, 8 X 8 X iVs", 1.75' X 113.8 # = - . . . 199.2 

Gusset, 3.37 sq. ft. X 25.5 # = 85.9 

132 rivet heads X 1/6 * = 22.0 

419.9 
y 1, deduct 1.25' X 34.2* = 42.8 

377.1X2 = 754.2* 

Connection of X 1, X 2; X 5, X (>; A' i), X 10; X 13, X 14, etc. 
(Figs. 621, 624). 

Gusset bar, 2 X ^, 1.00' X 4.25 # = 4.3 

8 rivet heads X 1/6* = 1.3 

5.6 

1 2, deduct 0.5' X 5.0* = 2.5 

3.1X2= 6.2* 
Connection of Y 1, Y 3, etc. 

2 pieces, 2 X 2 X A", 0.75 X 5.0 * = 3.8 

Gusset, 0.78 sq.ft. X 25.5* = 19.9 

aOrivet heads X 1/6* = 5.0 

28.7 

1 2, deduct 0.55' X 5.0* = 2.8 

2 3, deduct 0.90' X 5.0 # = 4.5 7.3 

21.4X2= 42.8* 
Connection of X 2, A' 5; A" 10, X 13, etc. (Fig. 621). 

2 pieces, 2 X 2 X A", 0.75' X 5.0 * = 3.5 

2 pieces, 2 X 2 X A", 0.75' X 5.0 # - 3.5 

2piece8,2 X 2 X ft", 0.75' X 5.0* = 3.5 

Gusset, 1.74 sq. ft. X 25.5= 44.6 

60rivethead8Xl/6*- 10.0 

05.1 

2 3,deductl.2' X 5.0* = 6.0 

3 4, deduct 0.45' X 5.6 # = 2.5 

4 5, deduct 1.20' X 5.0* = 6.0 

14.5 14.5 

50.6X2 = 101.2* 



ly Google 



386 WEIGHTS OF ROOF TRUSSES 

Connection of r 3, F 7, etc. Splice (Fig. 621). 

Cover7H X ^,2.75' X 9.2# = 25.3 

Webcover3,5HX A,2.8'X8.2#= 23.0 

2 pieces, 2 X 2 X A, 0.75' X 5.0 # = 3.8 

2 pieces, 2X2XH, 0-75' X 5.6 # = 4.2 

Gusset, 1.08 sq. ft. X 25.5 # = 27.6 

82 rivet heads X 1/6 # = 13.7 

97.6 

3 4, deduct 0.5' X 5.6 * = 2.8 

4 7, deduct 0.9' 5.6 # = 5.0 

7.8 7.8 

89.8X2 = 
Connection of A" 6, X 9, etc. Splice (Figs. 621, 623). 

Covers^ X?^, 2.8' X 11.0 #= 30.8 

Web covers, 5H X H, 2.8' X 7.0 « = 19.6 

2pieces, 2)^X2 X 14,0.8' X7 A fit = 5.9 

2 pieces, 2^ X 2 XH. 0.8' X 7.4 # = 5.9 

2 pieces, 3 X 2^ X A, 0.8' X 11.2 # - 9.0 

Gusset, 2.16 sq. ft. X 25.5 # = 55.0 

98rivetheadsXl/6'* = 16.3 

142.6 

6 7, deduct 1.2' X 8.2 # = 9.9 

8 9, deduct 1.2' X 8.2 # = 9.9 

7 8, deduct 0.45' X 14.4* = 6.5 

26.3 26.3 

116.2X2 = 
Connection oi Y 7, Y 15, etc. Splice (Fig. 621). 

Cover7^X^,2.0'X 9.7* = 19.4 

2 pieces, 3 X2^AX-h, 1.1' X 14.4 « = 15.9 

2pieces,2H X 2 X ft, 1.0' X 9.0# = 9.0 

Gusset, 1.33 sq. ft. X 25.5 « = 33.9 

78 rivet heads X 1/6 # = 13.0 



7 8, deduct 0.4' X 14.4 # = 

8 15,deduct0.8'X9.8# = 7.8 



91.2 



13.6 13.6 

77.6><2=156.2)K 
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Ex. 6] A BTEEL FINK TRUSS 

Connection of 4 7, 6 7; 8 9, 8 11, etc: (Fig. 621). 

2 pieces, 2 X 2 X A, 0.75' X 5.0 # = 3.8 

Gusset, 0.49 aq. ft. X 25.5 # = 12.5 

24 rivet heads X 1/6 # = 4.0 

20.3 

4 5,deduct0.35'X5.0#= 1.8 

5 6, deduct 0.25' X 5.0 #= 1.3 



3.1 3.1 

17.2X2= 34.4 # 



Connection of 8 15, 12 15, etc. Hplice (Fig. 621). 

Cover 5^ X^, 2.05' X 7.2 # = 14.8 

2pieces,2 X 2 X M.0.75' X 6.4# = 4.8 

2 pieces, 2 X 2 X A, 0.90' X 5.0 # = 4.5 

Gusset, 0.79 sq. ft. X25.5* = 20.1 

62rivet heads X 1/6 # = 10.3 

8 ll,deduct0.4' X7.4# = 3.0 

11 12, deduct 0.25' X 5.6 #= 1.4 



4.4. 4.4 

50.1X2=-100.S« 



Connection of 12 15, 14 16, etc. Splice (Fig. 621). 

Cover5^iX A",2.05'X8.4#= 17.2 

2piece8,2 X2 X A, 0.75' X5.0# = 3.8 

Gusset, 0.86 sq. ft. X 25.5 # = 21.9 

•6 rivet heads X 1/6 # = 9.3 

12 13,deduct0.45'X5.0*- 2.0 

13 14,deduct0.25'X5.0«= 1.3 



48.9X2- Vt^M 
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388 WEIGHTS OF ROOF T8USSES 

Connection of X 14, X 14', etc. Split-o (Figs. G21, 6! 

Covers^ X ft, 1.41' X 9.2# = 13.0 

2piec€S,2HX2X ft,0.8'X9.0#= 7.2 

2piecea,2HX2X ft, 0.8' X9.0# = 7.2 

Gusset, 2.39 sq. ft. X 25.5 # = 61.0 

88 rivet heads X 1/6 # = 14.7 

103.1 

14 15, deduct 1.25' X 16.6 # = 20.S 

15' 14', deduct 1.25' X 16.6 # = 20.8 

15 15', deduct 0.75' X 5.0 # = 3.8 



45.4 45.4 

57.7X1= 57.7 # 



Connection of Y 15, Y 15', etc. Splice (Fig. 621). 

Covered X ft, 1.8' X 7.0« = 12.6 

GuBset, 0.75 sq. ft. X25.5# = 19.1 

36 rivet heads X l/6# =... G.O 

37.7 
15 15', deduct 0.35' X 5.0 « = 1.8 



3.').9X]= 35.9if( 



700. Preliminary Weight Sheet.— 



u^. 


C-lencth. 




X 


C. L. 
Waitbti, 


ConuM- 


X I 


8.61 1 


2,6X4xft"Ls. 


36.2 


623 4 


+ 754.2 


A- 2 


8.61 : 


2, 6X4 X A" 


36.2 


623,4 


6.2 


X 5 


8.61 1 


2, 6x4xft" 


36.2 


623.4 


6,2 


X 6 


8.61 i 


2, 6x4xft" 


38.2 


623.4 


101 2 


-Y9 


8.61 \ 


2. 6X4XH" 


32,4 


557.9 


232.4 


A' 10 


8,61 1 


2, 6X4XH" 


32,4 


557,9 


6.2 


A' 13 


8.61 


2, 6X4XH" 


32.4 


557.9 


101 2 


X 14 


8.61 


2, 6X4XH" 


32.4 


557.9 


6.2 


r 1 


9 17 


2, 6X3>^xft" 


34.2 


627.2 


42.8 


Y 3 


9.17 


2, 6X3Hxft" 


34,2 


627,2 


177.6 


)" 7 


18,34 


2, 6X3J^XA" 


27.0 


990 4 


155.2 


r 15 


27.36 , 


2, 5X3 X A" 


22 


1236.7 




1 2 


3.14 


2, 2X2 X A" 


5.0 


31 4 




3 4 


6.27 , 


2, 2^^X2xft" 


3.6 


70,2 




5 6 


3.14 ! 


2, 2x2xft" 


5.0 


31.4 




7 8 


12.64 1 


2, 4X3XA" 


14.4 


361.2 
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Ex. 51 A STEEL FINK TRUSS 

Preliminary Weight Sheet. — Continued. 



Member. 


C-leoith 


Di.en.on. 


,z-& 


C.L. 
Wetfhu. 


"szr 


9 10 
. 11 12 

13 14 
2 3 
4 5 
4 7 
6 7 
89 
8 11 
8 15 

10 11 
12 13 
12 15 

14 15 

15 15' 


3.14 
6.27 
3.14 
fi.l7 
9.17 
9.17 
9.17 
9.17 
9.17 

18,34 
9.17 
9.17 
9,17 
9.17 

23,60 


2,2X2XA" 

2,2!^X2xA" 

2,2X2XA" 

2,2X2XA" 

2,2X2xA" 

2,2'AX2XH" 

2,2'AX2}4XH" 

2,2iiX2AxH" 

2,2HX2XK" 

2,3M 2H H" 

2,2X2XA" 

2, 2X2 X A" 

2,3HX2HXH" 

2, 3AX2'AX-fi" 

2, 2X2 X A" 


5 
5,6 
5,0 
5.0 
5-0 
7.4 
8,2 
8.2 
7.4 
9.8 
5,0 
5.0 
14 4 
IGC 
5.0 


31 4 

70,2 
31.4 
91.7 
91.7 
135.7 
150.4 
150.4 
135.7 
359.5 
91-7 
!)1,7 
264.1 
304 4 
118,0 




34.4 

34.4 
100,2 

97,8 
57,7 
35,9 













701. Besuttis of Preliminary Weight Sheet.- 



C. L. weights 10818.9 

Connection weights 1949.8 



Total 127GS.7 1 



16 X 128 
assumed by formula. 

P = 137.92 (2 + 3 + 3 + 3 + 6.235cos21.8°)=2316 # = 1.158 
tons. 

Therefore the P stresses are to be reduced in the proportion: 
1.171 : 1.158 : : P stress : revised P stress. 

But since this change only reduces the maximum stress in X 1 
from 60.8 to 60.5 tons its section remains unchanged, and this is 
yet more the case with all other members of the truss. Therefore 
the preliminary weights of members and connections may be taken 
as the actual weights. 
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WEIGHTS OF ROOF TRUSSES 

1949.8 ^ .„ 2 
'' 10818.9 
the weight of connections at apexes. 

702. Ccaapaxiaoa of Exanydes C A and 6 B. — Since the latticing 
of the channels should be added to the C. L. weight of the truss in 
Example 5 A, the C. L. weight of that truss exceeds that of Example 
5 B by 11 7/10 per cent. Also the weight of its comiections is 
greater by 11 1/2 per cent, making the total weight of 5 A exceed 
that of 5B about 11 7/10 per cent. Therefore the latter type of 
truss is probably more ecoaomical in all cases, and especially since 
it requires far less skilled labor in its construction. 

Examples 10 A and B. — A Steel Semicircular Crescent Truss 

703. Osneral Description. — Resume Example 10 of Chapter IV', 
with the exception that the lower chord is subdivided into 7 equal 
panels, Instead of unequally by radiab from the centre of the upper 
chord. Also resume Example 10 A of Chapters XI and XII. There 
are two different methods of construction. 

A. All members of the truss are straight, so that a splice must be 
made in each chord at each apex. 

B. The members of the chords are curved, so that splices are 
only necessary at certain apexes, depending on the lengths of shapes 
available. 

A. — Chords with Straight Members 

704. DeuT^rtion. — Resume dimension sheet of Art. 621 of 
Chapter XL 

The C. L. weights are computed as before and ent«red on the 
preluninary weight sheet. Weights of the connections are computed 

as follows: 



706. Weifftats of Connections. — Connection of X 1, Y 1, etc. 
(Figs. 627, 630). 
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Gx. 10) SEMICIRCITLAR CRESCENT TRDBB 

X 1, add 0.5' X 33.6 « = 16.8 

2 pieces, 2^ X 2 X H, 1-00' X 10.6 * = 10.6 

2 pieces, 3H X 3 X H, 1.00' X 15.8 « = 15.8 

2 pieces, 6 X 6 X M, 1.00' X 57.4 # = 57.4 

Gusset, 3.40 sq. ft. X 25.5 # = 86.6 

122rivetheadsXl/6# = 20.3 

207.5 
Y 1, deduct 0.80' X 20.8 # = 16.7 



190.8X2=381.6* 



Connection of X" 1, X 2, etc. (Figs. 627, 631). 

Cover, 7H X H, 1-50' X 9.7 # = 14.6 

2 pieces, 2 X 2 X A, 0.4' X 5.0 # = 2.0 

Gusset, 0.54 sq. ft. X 25.5 * = 13.8 

56 rivet heads X 1/6 # = 9.3 

Deduct 0.2' x 5.0 # = l.O 



38.7X2= 77.4# 



Connection of Y 1, Y 3, etc. (Figs. 627, 632) . 

Cover, IVs X H, 1.3' X 9.7 # = 12.7 

2pieces,2X2 X A, 0.4' X 5.0 # = 2.0 

2pieces,3X2KX ft, 0.7' X 11.2# = 7.9 

Gusset, 1.46 sq. ft. X 25.5 # = 37.3 

80 rivet heads X 1/6 # = 13.3 

73.2 

Deduct 2 pieces, 0.75' X 14.4 # = 10.8 

Deduct 2 pieces, 0.3' X 5.0 # = 1.5 



12.3 12.3 

61.9X2 = 123.8* 
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392 WEIQHTB OF ROOF TRUSSES |Cb. 14 

Connection, oi X 2, X 4, etc. (Figs. 627, 633). 

Cover, 1.5' X 9.7 # = 14.6 

2 pieces, 3 X 2}^ X ft, 0.7' X 11.2 # = 7.9 

2 pieces, 2X2 X ft, 0.55' X 5.0 # = 2.8 

Gusset, 1.48 sq. ft. X 25.5 # = 37.8 

76 rivet heads X 1/6 # = 12.7 

75.8 

Deduct 2 pieces, 0.7' X 14.4 # = 10.1 

Deduct 1 piece, 0.3' X 5.0 # = 1 .5 

11.6 11.6 

64.2X2=128.4* 



Connection of K 3, T 5, etc. (Figs. 627, 634) . 

Cover, 1.2' X 9.7 #= 11.7 

2 pieces, 2 X 2 X ft, 0.55' X 5.0 * = 2.8 

2 pieces, 3^ X 2H X A, 0.05' X 12.2 « = 8.0 

Gusset, 1.48 sq.ft. X2S.5* = 37.8 

64 rivet heads X l/6# = 10.7 



Doiluct 2 pieces, 0.6' X 17.4 # = 10.5 

Deduct 2 pieces, 0.25' X 5.0 # = 1.3 



11.8 11.8 

59.2X2=118.4# 



Connection of A" 4, X 6, etc. (Pig. 635). 

Cover, 1.5' X 9.7 # = 14.6 

2 pieces, 3H X 2^ X A, 0.0' X 12.2 # = 7.3 

2 pieces, 2H X 2 X i'*, 0.55' X 5.6 # = 3.1 

Gusset. 1.40 sq. ft. X 25.5 # = 35.9 

70 rivet heads X l/6# = 11.7 



Deduct 2 pieces, 0.5' X 17.4 « = 8.7 

Deduct 2 pieces, 0.25' X 5.6 «= 1.4 



10.1 10.1 

62.5X2= 125.0# 
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Ex. 10) SEMlcracULAR CRESCENT TBU8S 

Connection oi Y 5, Y 7, etc. (Fig. 636). 

Cover, 1.10' X 9.7 # = 10.7 

2piece3,3H X 2}^ X ft, 0.6' X 12.2# = 7.3 

2piece3,2i^X2HX A, 0.55' X 5.6# = 3.1 

Gusset, 1.54 sq. ft. X 25.5 « = 39.3 

68 rivet heads X 1/6 # = 11 .3 

71.7 

Deduct 2 pieces, 0.25' X 5.6 # = 1.4 

Deduct 2 pieces, 0.5' Xl7.4# = S.7 



10.1 10.1 

61.3X2 = 123.2# 



Connection of X 6, X 8, etc. {Fig. 627). 

Cover, ft", 1.4' X 8.1 # = 11.4 

2 pieces, 3 X 2^ X A, 0.6'X11.2# = 6.7 

2 pieces, 2]^ X 2 X M, 0.6' X 7.4 iff = 4.4 

Gusset, 1.36 sq. ft. X 25.5 * = 34.7 

70 rivet heads X 1/6* = 11.7 

68.9 

Deduct 2 pieces, 0.5' X 17.4 # = 8.7 

Deduct 2 pieces, 0.3' X 9.8* = 2.9 



11.6 11.6 

57.3X2 = 114.6* 



Connection of K 7, K 9, etc. {Fig. 627). 

Cover, 1.2' X 8.1 # = 9.7 

2 pieces, 2^ X 2 X K> 0.6' X 7.4 « = 4.4 

2pieces,4 X3X A, 0.5' X 14.4 # = 7.2 

Gusset, 1.44 sq.ft. X25.5# = 36.8 

68 rivet heads X 1/6 » = 11.3 



Deduct 2 pieces, 0.2' X 9.8 # = 2.0 

Deduct 2 pieces, 0.3' X 24.6 # = 7.4 



9.4 
60.0X2 = 120.0* 
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394 WEIGHTS OF HOOF TRUSSES (Ch. 13 

Connection ot X S, X 10, etc. (Fig. 627). 

Cover, 1.3' X 8.1 # = 10.5 

2 pieces, 4 X 3 X A, 0.4' X 14.4 # = 5.8 

2pieces,2H X 2 X 14,0.5' X 7Afil = 3.7 

Gusset, 1.24 sq.ft. X25.5« = 31.6 

68 rivet heads X 1/6 #= 11.3 

62.9 

Deduct 2 pieces, 0.45' X 24.6 # = 11.1 

Deduct 2 pieces, 0.3' X 9.8 # = 2.9 

14.0 14.0 

48.9X2= 97.8# 

Connection of V 9, K 11, etc. (Fig. 627). 

Cover, 1.2' X 8.1 # = 9.7 

2 pieces, 2HX2xi4, 0.5' X 7.4 # = 3.7 

2pieces,4 X 3 X ft, 0.55' X 14.4# = 7.9 

Gusset, 1.46 sq.ft. X25.5jt[= 37.3 

72 rivet heads X 1/6 # = 12.0 



Deduct 2 pieces, 0.2' X 9.8 # = 2.0 

Deduct 2 pieces, 0.4' X 24.6 # = 8.9 

10.9 10.9 

59.7X2=119.4* 

Connection of X 10, A' 12, etc. (Fig. 627). 

Cover, 1.4' X 8.1 # = 11.4 

2 pieces, 4X3 X ft, 0.6' X 144 # = 8.7 

2 pieces, 3 X 2H X J4- 0.6' X 9.0 # = 5.4 

Gusset, 1.37 sq. ft. X 25.5 # = 35.0 

70 rivet heads X 1/6 # = 11.7 

72.2 

Deduct 2 pieces, 0.45' X 24.6 # = 11. 1 . 

Deduct 2 pieces, 0.2' X 14.4 # = 2.9 

14.0 14.0 

58.2X2 = 116.4* 
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Ex. 10| 8EH1CIRCUIAH CRESCENT TRUSS 

Connection of Y 11, Y 13, etc. (Fig. 000). 

Cover, 1.3' X 8.1 * = 10.6 

2piec€s,3 X 2H X M>0.55' X 9.0# = 5.0 

3 pieces, 4X3 X A, 0.55' X 14.4 # = 7.9 

Gusset, 1.40 sq. ft. X 25.5 # = 35.8 

68 rivet heads X 1/6 # = 11.3 

70.6 

Deduct2piece8,0.15'X14.4#= 2.2 

Deduct2pieees,0.35'X24.6#= 8.6 

10.8 10.8 



Connection of X 12, X 12', etc. (Fig. 627). 

Cover, 1.4' X 8.1 * = 1 1.4 

2 pieces, 4 X 3 X ft, 0.6' X 14.4 # = 8.7 

2 pieces, 4 X 3 X ft, 0.6' X 14.4 * = 8.7 

Gusset, 1.40sq. ft. X25.5# = 35.8 

68rivet heads X l/6# = 11.3 



Deduct 2 pieces, 0.4' X24.6#- 9.9 

Deduct 2 pieces, 0.4' X 24.6 * = 9 !) 

Deduct 2 pieces, 0.25' X 5.0 # = 1.3 



21.1 21.1 

62.3X1= I 



Connection of Y 13, Q 13', etc. (Fig. 627). 

Cover, 1.3' X 8.1 # = 10.6 

Gusset, 0.72 sq. ft. X 25.5 # = 18.4 

32 rivet heads X 1/6 « = 5.3 

34.3 
Deduct 2 pieces, 0.15' X 5.0 # = 0.8 
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706. PreUminaiy 



WEIGHTS OP ROOF 
Wel^it Sheet. — 



Ucmber. 


C-length. 




pse. 


wSi. 


Weiihti. 


X 1 


11-20 


2, 6X3>4X^"LS. 


33.6 


752 6 


+ 381.6 


X 2 


11.20 


2, 5X3^^XA" 


30.4 


681 


77,4 


X 4 


11.20 


2,5X3!^XH" 


27.2 


609 3 


128.4 


X 6 


11.20 


2,5X3'Axy2" 


27.2 


609-3 


125.0 


X 8 


11.20 


2, 5X3HXA" 


24.0 


537,6 


114.6 


X 10 


11.20 


2, axZHXVe" 


20.8 


46.5.9 


978 


X 12 


11,20 


2,5XmxH" 


20,8 


465,9 


116.4 


Y 1 


9 56 


2, 5X3HX5r 


20.8 


397,7 


123-S 


r 3 


9,. 56 


2, 5x3".ijXH" 


20.8 


397.7 


118 4 


y 5 


9,56 


2, 5X3Kxft" 


17.4 


332,7 


123-2 


r 7 


9.56 


2,5X3HxA" 


17.4 


332,7 


120.0 


r 9 


9.56 


2.3MX2MXA" 


12.2 


233.3 


119 4 


r 11 


9.m 


2,3HX2J^XA" 


12,2 


233 3 


119.6 


Y 13 


9.5C 


2, 3J^X2Hxft" 


12.2 


233.3 


33,5 


1 2 


3.01 


2, 2X2 X A" 


5.0 


30.1 




3 4 


5.94 


2, 2X2 X A" 


5.0 


59.4 




5 6 


7.96 


2,2HX2XA" 


5.6 


89.2 




7 8 


10 09 


2, 3>^X2MXX" 


9.8 


197.8 




B 10 


11.42 


2, 3HX2MXji" 


9.8 


223.8 




11 12 


12.23 


2, 4X3 X A" 


14 4 


3.12.2 


62.3 


13 13- 


12.50 


2, 2X2xA" 


5-0 


125 




2 .-i 


12.90 


2, 4X3XA" 


14 4 


371 5 




4 r, 


14,30 


2. SXSJixA" 


17.4 


499.7 




G 7 


15.20 


2. 5X3HXA" 


17.4 


529,0 
















10 11 


Hj,.^1 


2, 6X4 XV 


24.6 


KI2 3 




12 i:i 


16.42 


2, 6X4XN" 


24.6 


807,9 






11180.2 


ISOl 4 



707. Results Obtained tmm PreUminary Weight She«t. — 

C. L. weight« = 11180.2 

Connections= 1861.4 

Total weight = 13041.6 lbs. 

This greatly exceeds the weight of the tnias assumed by the 

formula, which = 7670.0* (Art. 156). Averaging the preliminary 

weight of truss per sq. ft. of surface of roof, we obtain: 

13041.6 X 2 E ,o<*^ r* <■ r 

lOOXlOX^r =5189*persq.ftofroof. 
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Ex. 10) 



SEMICIRCULAR CRESCENT TRUSS 



397 



P= 179.52(2+4+0+4+5.189) = 2727 * = 1.304 tons instead of 1.172. 

Therefore the P stref«es are to be increased in the proportion of 
1.172 : 1..364 : : P stress : revised P stress. 

The P stresses are then computed, as well as the corresponding — 
and + maximum stresses and entered on the Revised Weight Sheet. 
It then becomes necessary to determine anew the safe dimensions 
of the members in th<? same manner as before, entering these and their 
weights per ft. on the same sheet. Their C. L. weights are next 
computed and entered. The details of connections and of their 
weight will probably not be changed. 

708. RflTlsed Wel^ Sheot. — 



M«mb«r. 


Cometh, j 


„,— .. 


Wpighl 
per (Ml, 


^^.. 


-^tiz- 


X 1 


11.20 


2, 5x3Hxtt"Xs. 


36,6 


819,8 


+ 381,6 


X 2 


11.20 


2, 5X3HX5^" 


33.6 


7.=i2 6 


77,4 


X 4 


11.20 


2,5X3HXH" 


272 


609.3 


128.4 


X 6 


11,20 


2, BxmxH" 


27.2 


609,3 


125,0 


X 8 


U-20 


2,5X3HX^" 


24,0 


5;i7,6 


114,6 


A' 10 


11.20 


2,5XVAXH" 


20,8 


465.9 


97,8 


X 12 


11.20 ' 


%5XZHXW' 


20.8 


46.J.0 


116,4 


Y 1 


9.56 1 


2, 5X3^XH" 


20,8 


397.7 


123.8 


Y 3 


9 .56 


2.5X3}^X^" 


20, S 


397.7 


118.4 


Y b 


9,56 


2,bXZ\iX^" 


17,4 


332,7 


120.0 


Y 1 


9.56 


2, 5X3f^xft" 


17.4 


;132.7 


120.0 


ro 


9.56 


%ZHX2HX%" 


14.4 


27.1.3 


119.4 


Y n 


9,56 


2, Zi4X2HxH" 


14.4 


27.5.3 


119.6 


Y 13 


9.56 


2.ZHX2y4X%" 


14,4 


27.5.3 


33-5 


1 2 


3.01 


2,2x2Xft" 


5.0 


30,1 




3 4 


5,94 . 


2,2X2Xft" 


6.0 


.59,4 




56 


IM 


2, 2X2XK" 


6.4 


101,9 




7 8 


10.00 1 


2, 2X2XJ4" 


6.4 


129.2 




9 10 


11.42 


2,3HX2!^X>i" 


9.8 


223.8 




11 12 


12,23 


2, 4X3 X A" 


14.4 


332,2 


62,3 


13 13' 


12.. TO 


2, 2X2XiV' 


5 


125,0 




2 3 


12,90 


2, 4X3 X A" 


14-4 


371.5 




4 5 


14-36 


2, .IX^i^xft" 


17.4 


499.7 




6 7 


15.20 


2, 5x3MXiV" 


17.4 


529.0 




8.1 


16. ai 


2,QX4X»r 


24.6 


800,0 




10 11 


16-61 


2,6X4X!r 


24.6 


R12.3 




12 13 


16.42 


2,6X4X?^" 


24.fi 


807.9 






11.504,4 


18.'>2.7 
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WKIGHT.S OF ROOF TRUSSES [C 

, Resutts of Revised Weight Sheet. — 

C. L. weights = 11504.4 

Connections = 1852.7 

Total weight= 13357.1 lbs. 

This makes an increase in the weight of the truss of but 324.2 
that it is evidently unnecessary to make a second revision of weighty 
and the revised weight may be taken a^ the actual weight of the trusa. 
1852 7 10 

Then ■ ' ' / = 16 -^ per cent to Ije added to C. L, weights for 

connections. 

,, 13357.1 - 7670 

^^° 7670 = 

over weight a.ssumed by formula. This excess is due to several catisea. 

1. Arched crescent form of the truss. 

2. Greatly increased area of roof surface, 

3. Much greater total wind pressure on the roof. 
This type of truss is evidently iimch more expensive than any 

triangular type of truss for an ec]uai span. 

B. — Chords with Curved Members 

TIO. Deecription. — -This truss is similar to 10 A in all respect^ 
excepting that the chords are curved to the required circular aroB 
between the apexes instead of being straight. Kesume dimension 
sheet of Art. 621, Chapter X!. It is evident that spiicef in the chore 
need not occur at each apex, and ttiat the cross-section must remuit' 
constant between splices. The ends of the wooden purlins do not 
require boxing, since each one rests directly on the flanges of the upper 
chord. 

711. Weights of Connections at Apezea. — Resume details o{ 
connections given in Chapter XII. 

Connection of X 1, Y 1 (Fig. 637). 

2 pieces, 5 X 3H X ft. 0.5' X 30.4 # = 15.2 

2 pieces, 3^ X 2^^ X H, 0.6' X 14.4 « = 8.7 

2 pieces, 3H X2HXH. 0.8' X 14.4 #= 11.6 

Guaset, 2.90 sq. ft. X 25.5 # = 74.0 

86 rivet heads X 1/6 * = 14.7 




Ex. 10] SEMICIRCULAR CRESCENT TRUSS 39S 

Connection of X 1, X 2, etc. (Fig. 637). 

Gusset, 0.20 sq.ft. X25.5# = 5.0 

Srivet heads X 1/6* = 1.3 



Deduct 0.30' X 5.0 * = 1.5 

4.8X2= 9.6# 
Connection of y 1, F 3, etc. (Fig. 637). 

2 pieces, 3 X 2H X K. 0-7' X 9.0 * = 6.3 

Gusset, 1.20sq. ft. X25.5# = 30.6 

42 rivet heads X 1/6 # = 7.0 

43.9 

DeduotO.25' X 5.0* = 1.3 

Deduct 0.90' X 14.4 # = 13.0 

14.3 14.3 

29.6X2= 59.2i(( 
Connection of X 2, A" 4, etc. (Fig. 637). 

2 pieces, 3 X 214 X K,0.6'X9.0# = 5.4 

Guaset, 0.80 sq. ft. X 25.5 # = 20.4 

24 rivet heads X 1/6 « = 4.0 

Deduct 0.7' X 14.4 # = 10.1 

Deduct 0.3' X 5.0 # = 1.5 

11.6 11.6 
16.2 # 
Connection of K 3, K 5, etc. (Fig. 637). 

2piece8, 3!^ X 2H X M, 0.6' X 9.8* = 4.9 

Gusset, l.Osq. ft. X 25.5 # = 25.5 

40rivet heads x l/6i(f = 6.7 

37.1 

Deduct 0.3' X 5.0 # = 1.6 

D«duct0.65' X 17.4 9.6 

11.1 ll.l 

26.0X2- 52.«« 
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400 WEIGHTS OF ROOF TRUSSES [Ch. 

Connection of X 4, A' 6, etc. Splice (Fig. 637). 

2pieces,3H X 2H X H.Q.V X 9.8* = 6.2 

2pieces,2 X 2 X ft, 0.7' X5.0* = 3.5 

Cover, IVg X H, 1.10' X 13.0 * = 14.5 

Gusset, 1.20 sq. ft. X 25.5 * = 30.6 

70 rivet heads X 1/6* = 11.7 

66.5 

Deduct 0.5' X 17.4 # = S.7 

r)educt0.25' X 5.6# = 1.4 

10.1 10.1 

66.4X2=112.8* 



Connection of K 5, r 7, etc. Splice (Fig. 637). 

2 pieces, 3^^ X 2^ X H- 0.65' X 9.8 # = 6.4 

2 pieces, 2 X2 X ft,0.6' X 5.0* = 3.0 

Cover, 1% X ]4, 1-10' X 13.0# = 14.3 

Guaaet, 1.40 sq. ft. X 25.5 # = 35.8 

72 rivet heads X 1/6 # = 12.0 

71.5 

Doduct0.25'X 5.6* = 1.4 

DcductO.55' X 17.4* = 0.6 



11.0 11.0 

60.5X2=121.0* 



Connection of A" 6, X 8, etc. (Fig. 637). 

2 pieces, 3^ X 2^ X Yx, 0.6' X 9.8 * = 3.9 

2 pieces, 2^ X 2 X M. 0.5' X 7.4 « = 3.7 

Gusset, 0.9G sq. ft. X 25.5 * = 24.5 

52 rivet heads X 1/6* = 8.7 

40.8" 

DeductO.4' X 17.4* = 7.0 

DeductO.25' X 9.8* = 2.5 



N 



9.5 

31.3X2= ii-i\yf, 
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Ex. I0| SEMICIRCULAR CRESCENT TRUSS 

Connection oi Y7,Y 9, etc. (Fig. 637). 

2 pieces, 2H X 2 X K, 0-6' X 7.4 # = 4.4 

2 pieces, 4 X 3 X A, 0.6' X 14.4 # = 8.1» 

Gussft, 1.34 sq.ft. X25.5# = 34.2 

58 rivet heads X 1/6 # = 9.7 

50.9 

Deduct0.3'X 9.8* = 2.9 

Deiluct 0.6' X 24.6 * = 14.8 

17.7 17.7 

39.2X2= 



Connection oi X 8, X 10, etc. (Fig. 637). 

2 pieces, 4 X 3 X ft, 0.7' X 14.4 # = 10.1 

2 pieces, 2^^ X 2 X M. 0-5' X 7.4= 3.7 

Ousset, 1.14 sq. ft. X 25.5 * = 29.3 

56 rivet heads X 1/6 # = 9.3 

52.4 

Deduct 0.4' X 24.6 « = 9.9 

Deduct 0.26' X 9.8 # = 2.5 



12.4 12.4 

40.0X2= 80.0 # 



Connection of I" 9, Y 11, etc. (Fig. 637). 

2 pieces, 2J 2 X2xH, 0.6' X 7.4 * = 4.4 

2 pieces, 4 X 3 X ,^, 0.6' X 14.4 # = 8.6 

Gusset, 1.20 sq. ft. X 25.5 # = 30.6 

54 rivet heads X 1/C # = 9.0 

52.6 

DcductO.25' X 9.8# = 2.5 

I>educt0.45' X 24.6 * = 11.1 



13.6 13.6 

39.0X2= 78.0# 
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402 WEIGHTS OF ROOF TBUSSES 

Connection of X 10, X 12, etc. Splice (Fig. 637). 

2 pieces, 4X3 X A, 0.65' X 14.4 # = 9.4 

2 pieces, 3 X 2^ X J4, 0-5' X 9.0 # = 4.5 

Cover,75^XH. 1-10'X13.0#= 14.5 

Gusset, 1.40 sq. ft. X 25.5 # = 35.8 

80 rivet heads X 1/6 # = 13.3 

77.5 

Deduct0.55'x24.6# = 12.3 

DeductO.25' X 14.4 # = 3.6 



15.9 15.9 

61.6X2=123.2* 



Connection of Y 11, Y 13, etc. Splice (Fig. 637). 

2 pieces, 3 X 2^ X K, 0.6' X 9.0 « = 5.4 

2pieces, 4X3 X i^, 0.7' X 14.4 # = 10.1 

Cover, 1.10' X 13.0 « = 14.5 

Gusset, 1.54 sq.ft. X 25.5 # = 39.3 

72 rivet heads X 1/6 # = 12.0 

Deduct 0.3' X 14.4 * = 4.3 

Deduct 0.4' X 24.6 # = 9.8 



14.1 14.1 

67.2X2 = I34.4H( 



Connection of X 12, X 12', etc. (Fig. 637). 

2 pieces, 4 X 3 X A, 0.7' X 14.4 # = 10.1 

2 pieces, 4 X 3 X A, 0.7' X 14.4 * = 10.1 

C.us.s6t, 1.56 sq.ft. X25.5#= 39.8 

68 rivot heads X 1/6 « = 10.3 

70.3 

Deduct 0.4' X 24.6# = 9.9 

Deduct 0.4' X 24.6 # = 9.9 

DeductO.S'X 5,0 # = 4.0 



23.8 23.8 

40.5X1= 46.5 # 
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Ex. 10| SBHICIRCULAR CRESCENT TRUBB 

Connection of Y 13, Y 13', etc. (Fig. 637). 

Gusset, 0.51 sq. ft. X 25.5 # = 13.0 

10 rivet heads X 1/6 « = 1.7 

14.7 
De.iuct0.15'X5.0* = 0.7 

14.0X1 = 
712. PrvUminary Weight Sheet.— 















tember. 


CJength, 


2, 5x3.'2xA"Lh. 


per loot, 

:i0.4 


Weight.. 
(Wt4.0 


'h™"- 


X 1 


ll.'J.'i 


+209 2 


.Y 2 


11 25 


2, 5X3HXiV' 


:M).4 


6«4.0 


9,8 


A- 4 


11 25 


2, .5X31ixA" 


:iO 4 


6S4.0 


36,4 
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11. 2.1 


2, 5X3HxA" 


24.0 


.■>40 


112,8 


X a 


11,2.'> 


2, 5X3Hxft" 


24.0 


.140.0 


62,6 


X 10 


11.25 


2, .5X3HXA" 


24.0 


.140 


80,0 


X 12 


11.25 


2, 5X3HXH" 


20. S 


4(iS.O 


775 


Y 1 


9.5K 


2, 5X3HxA" 


24 


4.W.S 


.>9,2 


1- 3 


9.r,H 


2, 5X3>^XA" 


24 


4.W,S 


.'J2.0 


l- 5 


!»,.tK 


2, 5X3^5xft" 


24 


459,8 


121.0 


Y 7 


9..'i8 


2, 6X3HX A" 


174 


3;w,4 


78.4 


1- 9 


9-.i8 


2, 5X3|lixA" 


17.4 


3:J3 4 


78,0 


Y 11 


fl.-W 


2, 5X3!-ixft" 


17.4 
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134.0 


Y la 


o.w 


2. 5X3HxA" 


17.4 


-.m.-i 


14,0 


1 2 


3.01 


2, 2X2XA" 


.1.0 


:J0,1 




3 4 


5,94 


2, 2X2 X ft" 


5,0 


59.4 




5 6 


7.«i 


2, 2^X2xft" 


5,0 


S9.2 




7 8 


10.00 


■2,3i4x2iix'A" 


il.S 


1!!7.S 





9 10 


11 42 


2,3!.SX2HXii" 


9.8 


223 R 




11 13 


12 23 


2, 4X3 X A" 


14 4 


3.i2.2 




13 13' 


12. 'Ml 


2, 2X2XA" 


5 


02.5 


70,3 


2 3 


12 90 


2, 4X3 X ft" 


14.4 


:i71 5 




4 .-i 


14 ;«i 


2, 5X3",Jxft" 


17 4 


499.7 




B 7 


15.20 


2, .iX3HX^«" 


17 4 


.Vilt.O 




K 9 


10.2fi 


2, 0x4x?b" 


24 6 


S00,0 




10 11 


I6,.=il 


2, 6X4 XV 


24,0 


S12.3 




12 13 


16,42 


2, 6X4X*," 


24. H 


807.9 


'■■ 










11688 4 


1195-0 
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40i WEIGHTS OF ROOF TBUSSES [Ch. U 

713. Raniltt of PreUmlnarr Weiglit 8h»«t.— 

C. L. weights = 11688.4 

Connections = 1 195.0 

Total weight= 12882.4 (bs. 

Then [q q y 16 X ~ ^'^^^ "'^' ^"^ ^' ^*' °^ ^"'^*<^^ °^ ^*^^- 

P = 179.52 (2 + 4 + + 4+5.126) = 2715 lbs. = 1.308 tons. 

The P stresses are then to be increased in the proportion of: 

1.308 : 1.172 : : P stresses : revised /* stresses. 

The dimensions and C. L. weights are then revised as for the 
last example, and this adds 205 If to the C. L. weights, since but few 
members require larger sections. This produces a total weight of 
13088.4 lbs., that may be taken as the actual weight of the truss. 

Then J ' '„ - ^ = 10 Yjw; per cent to be added to C, L. weight for the 

weight of connections. 

., 13080.4 - 7070 _„ 65 , , , . , .... 

Also ™Ti = 70 -|j7jr per cent excess of total weight of 

truss over the weight assumed by the formula. This results from 
the causes mentioned for Example 10 A. 

714. Comparison of Exanqdas 10 A and 10 B. — This truss is 
slightly lighter than the one with straight chord members, owing 
to tlic simpler coiLstruction at apexes and the reduced weight of the 
connections. 

Frooi Examples 10 A and B, it is evident that the semicircular 
crescent tru.is is much more expensive than the ordinary triangular 
type, although its internal appearance may be desirable for train- 
sheds, armories, etc. 
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CHAPTER XV 
EXAMPLE 26. A C0MPLP:TE STUDY OF A MODIFIED FINK TRUSS 

71D. DeKT^itlon. — This truss is taken as an example of the 
complete computations of loads, determination of maximum stresses 
in members, dimenaionit^ members, detailing connections at apexes, 
and computation and revision of weights of members and connections, 
juat as it is most conveniently practised in ordinary cases. 

716. Programme. — Truss of the typo shown in Fig. 639: span 
150 ft.; rise of upper chord, 2,5 ft.; materials, ateei excepting 7/8" 
longleaf pine sheathing and a strip 1 3/4" square fa,stened on top 
of each steel rafter to receive the wooden sheathing; covering of 
fcit, asphalt, and grave! ; trusses 20 ft. on centres; location at St, 
Louis, Mo., latitude about 38,6' north; medium exposure. 

717. Dim«nBionB. — 

Tan. j" = =^ = 0.3333 = tan 18" 26' 6" = 18,4" approximately. 



Lei^h of principal = V 75* + 25' = 79' U/lti". 

Half length of principal = 33' 6 11/32". 

Sixth length of principal = 13' 2 1/8". 

Member 5 6 = (39' 6 11/32") X tan 18" 26' 6" = 13' 2 1/4", 

Member 1 2 = 9 10 = one-third of 5 6 = 4' 4 3/4". 

Member 3 4 = 78 = two-thirds of 5 6 = 8' 9 1/2". 

Member Fl = F3 = rs = 611 =811 = 10 11 = 

V {13' 2 1/4")^ + (4' 4 3/4")' = 13' 10 13/16". 
Membw 711 = 75' 0" - 3 (13' 10 13/16") = 33' 3 9/16". 
Member23;= 89 =KI = 13' 10 13/16". 

Member45 = 67 = V (13' 2 1/4")' + (8' 9. 1/2")'= 15' 10 3/16". 
Member 11 11' = 25' 0". 
(' = one-sixth principal = 13' 2 1/8". 
A = 263.52 sq.ft. 
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406 COMPLETE STCDT OF TRUSS [Ca. 15 

718. TrasB, Snow, and Wnd. — 

Truss = ^ + j|^ = 7.786 lbs. per horizontal sq. ft. 

Snow = 2.5 (38.6° - 35.00) = 9 .00 lbs. per horizontal sq. ft. 
Wind = 8 9 X 18.4° = 16.36 lbs. persq. ft. of roof surface. 

719. Sheathing.— 

Felt, at^phalt, and gravel covering 6 # 
Sheathing 7/8" thick 4 « 

10# 
Then ti' = 10 cos 18.4° + 16.36 = 26.13* per sq. ft. of roof, 

normal to it. 

The parallel component is resisted by the sheathing edgewise 

and may l«^ neglected. 

.\pply formulas 107 and 1 10, Art. 454. 

L = 51.6 'J ^ = 51-6 X 0.875 J ^ = 7.37 ft. 0. C. rafters. 
fj^ = 4.01 ft. O. C. raften*. 



"U 



Hence the rafters cannot be spaced over 4 ft. on centres. 

720. Rafters. — Steel with 1 3/4" sq. wood strips on top. Tiy 
rafters 4 ft. on centres and determine dimensions. 
w' = cos 18.4° (6 + 4 + 4} + 16.36 = 29.6 * = normal component. 
w"= .sin 18.4° (6 + 4 + 4) = 4.42 # = parallel component. 

Apply formulas 1j7 and 101, Art. 453. 

1 = .'^■'.'-^. = 29.0 X 13.18 = X 48" ^ corresDonds to 1 4" 6» 

c 128000 128000 1.94, corresponds to 1,4 b» 

channel. 

^ lo'L'c 29.6 X 13.18^X 48" . „. j . , .» 

I = T.- - " - ~r . ' = rr^"-," = 6.35, corresponds to 1, o 

61/2# channel. 

Thi.s ,s<'ction probabh' has sufficient surplus strength to. safely 
resist the longitudinal <'oiiipres.sion in the rafter produced by the 
parallel component w". 

Check thi.s by formulas 140 and 141, .\rl. 470. 

.,.„ 4.42 X 13.18 X 4 ,^,_ . ,- .■ i , 

~ 9(tfMr ~ 0.118 ton. -4 = sectional area of 

rafter. 
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Ex. 26] A MODIFIED FINK TRUSS 407 

Then -^-p = g v i oq ~ ''■^^ ^^ P^' ^' '"' °^ section of rafter. 

Applying formula 140, Art. 470: 
^, 29.6 X 13.18 X 4.00 



2000 
2.5 W L' _ 22.5 X 0.723 X 13.18' 



0.723 ton = normal load on rafter. 

0.347" = deflection of raf- 



EI 14500 X 7.4 

ter. 

Apply formula 141, Art. 470: 
^(l + 6^) . 0.03(1 + ^-><«^) . 0.43 ton per sq. inch nnm- 
mum fibre stress in section at middle of length of rafter. 

Hence this channel ia amply safe for the rafter. 

Since the sheathing of the roof might sag permanently between 
the rafters sufficiently to look badly, it would probably be preferable 
to space the rafters more closely. Trj' them 2 1/2 ft. on centres, 
making 8 spaces per bay of the roof instead of but 5. 

Applying formulas 97 and 101, Art. 453: 

I w'lJe 29.6X13.18^X30" , „, . ^ , ..„ 

-7 = 128000 = - 128000 " = l^^' '^"^'P^^'^'^ ^ ^ *" 

5 1/4 « channel. 



' L*e ^ 29^0 X 13.18'X 30" 
51556 
3 1/2 * channel. 



rresponding to 1, 5" 



Hence the .same channel section is required aa if the rafters were 
spaced 4 ft. on centres. But, although requiring a greater weight of 
steel, this arrangement will be preferable to the former, since the 
sheathing cannot sag between the rafters. A channel section is 
better than an /-section, liecau.se there is more space for rivets 
connecting the wooden strijt to the rafter and fastening the rafter 
to the purlin, and further, since the channel section is considerably 
tighter for equal strength and stiffness. 

Then 5^ = 2,60 * per sq. ft. = actual weight of rafters. 
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408 COMPLETE STUDY OF TRUSS (Cb. 15 

781. Puritoi.— 

w' =008 18.4' (6+4+2.6+3) + 16.36 « =31.16 = normal compo- 
nent. 

w" = 3inl8.4"(6+4+2.6+3)= 4.92 = parallel component. 
B" = 31. 16X263.52 = 8211 # =4.106 tons = normal load on purlin. 
W" = 4.P2 X 263.52 = 1298 # = 0.649 ton = parallel load on 
purlin. 

Apply formulas 83 and 86, Art. 450, for both H" and W": 

I ZWL 3X4.106X20 ,..„ _ .. . . .„ 

— = = j^ = 10.48, corresponding to 2, S 

11 l/2« channels. 
7 3ir"L 3 X 0.649X20 „ ,„ 

T = ^6^ = Vq ^■^^■ 

I = 0.0466 It-' L? = 0.0466 X 4.106 X 205 = 76.9, corresponding to 

2, 9" 13 1/4 # channels. 

/ = 0.0466 If" D = 0.0466 X 0.649 X 20* = 12.^ 

Hence each purlin must be composed of 2, 9" 13 1/4 * channels, 

which must be spaced about 6.54 ins. apart and latticed together on 

top and bottom flanges. This makes them equally stiff, both normal 

and parallel to the roof surface. Then 2 X 2.43 + 5.64 = 10.5" = 

extreme width of the jiurlin across the flanges. 

('heck maximum filire stress in purlin by applying formula 145, 

Art. 476. Here /^ = 2 [1.77 + 3.89 (2.82 + 0.61)'] = 95.14. 
•7= J {^''^ ^'*"'''\ A 7- s^ „„/ 4J06X9 . 0.0649 + 10.5\ 

5.99 tons per sq. inch, which is more than safely below the hmiting 
safe value of 8.00 tons per sq. inch. 

These channels might safely be set closer, but this would be less 
convenient for latticing them. 

Then ^- ^ 263 5^2^ ^^' " ^'"^^^ * ^^ ^^' ^*' °^ '^^ instead of 3 # , 
but exclusive of the weight of the latticing. We will assume 2 # per 
sq. ft. to include latticing. 

722. ^ez Loads. — 

P = 263.52 {6 + 4 + 2,6 + 2 + 7.786 cos 18.4") = 5792 lbs. = 2.896 

tons. 

.'? = 263.52 X 9 cos 18.4= = 2248 lbs. = 1.124 tons. 

W = 263.52 X 16.36« = 4311 lbs. = 2.156 tons. 



ly Google 



Kx. 26) 



* MOOTIED PINK TRUSS 




,ch, Google 



410 COMPLETE STUDY OF TRUSS (Ch. 15 

7SS. iKMkts OD Hftlt Tniu. — 

Permanent = 2.896 X 5 1/2 = 15.93 tons. 
: Snow = 1.124X51/2 = 6.18tons. 

• Wind = 2.166 X 5 1/2 = ]1.59tons. 

734. Streas Diagrams. — ^Fig. 639 represents the truss diagram; 
Tig. 640 is the P stres.., Fig. 641 the S stress, and Fig. 642 the W 
stress diagrams. Thesf are drawn in the usual manner, the stresses 
are measured and entered on the Preliminary Stress, Dimension, and 
Weight Sheet. The maximum stress here consists of the sum of P 
and W stresses, the S stress being much less than the W stress. 

726. Dfanmritminc the Honberi.— Since the truss is entirely 
constructed of pairs of steel angles, Tables M, N, and O are used for 
members in compression, Table G for those in tension, and Table T 
for determining the number of 3/4 in. rivets required at each end of 
each member. The use of these tables has been fully explained in 
Chapter X. Splices are made as indicated in Fig. 643. 

Fig. 644 represent-s the top or bottom of one of the latticed 
purlins with batten plates connecting the flanges at each end of 
Iiurlin. 

726. DfltaillUff Connections at Apexes. — These are made as 
described in Chapter XII, using 3/4 in. rivets, 5/8 in. gussets, and 
covers at least n/lO" thick at splices, excepting where a greater 
thicknes.s is reciuired for tran-imitting the stress in the flanges of 
the menilier. Both Icgn of each angle arc assmned to be rivete<l, 
excepting f()r riieinljens 1 2 and 9 10, when' connection of one leg 
suffices. 

727. Computing C. L. WeightB of Members. — This is to be ■ 
done an in Chapter XIV, then entering the weights on the Preliminary 
Weight Sheet. 

728. Computing Weights ol ConnectionB at Apexes. — These 

are separately computed for each apex ;is in Chapter XIV, 
then entered in the proper column of the Preliminary Weight 
Sheet. 

Expansion rolls would be required at one end of the truss, as well 
as ca«t-iron sciits at each end, but their weights are not included in 
this coniiiutation. Their arrangement wouhl be as already described 
in a previous chapter. 
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Ex. 20] A MODIFIED FINK TRUSS 411 

7S9. Pralimlnaiy StroBS, Dfanensloti. and Weight Sheet. — 



„ ■ 
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13,18 


2,6X6xA" 


43.8 


11.54,6 


104,4 


X 9 


-4fi.8 


-18,2 


-25.2 


-72.0 


13.18 


2,6X6X^" 


48,4 


1275,8 


140.6 


X 10 


-45.9 


-17,8 


-25.2 


-71.1 


13.18 


2,0X6X?'8" 


48,4 


1275.8 


17.0 


Y 1 


+47,8 


+ 18,6 


+27.7 


+ 75.5 


13.90 


2,0X6XH" 


48,4 


1345.5 


76.8 


r 3 


+43.3 


+ 16,8 


+24,2 


+67,5 


13,90 


2,6X6X^" 


48,4 


1345,5 


108.4 


Y 5 


+39.1 


+ 1.5,2 


+20,9 


4-60,0 


13,90 


2,6X6XH" 


39,2 


1089.8 


162.8 


Y \\ 


+26.2 


+ 10.2 


+ 10.5 


+36.7 


33.30 


2,6X3HX»s" 


23.4 


155S.4 


201.5 


1 2 


- 2.81- 1.1 


- 2.2 


- 5,0 


4,40 


2.2x2Xi'.<" 


5,0 


44.0 




3 4 


- 4.l!- 1.6 


- 3.2 


- 7,3 8,79 


2,3x3Xi'c" 


12.2 


214-5 




5 6 


- 8.2!- 3.2 


-6.5 


-14,713.19 


2,5X3xft" 


16.4 


432.6 




7 8 


- 4-1 - 1,6 


- 3.2 


- 7.3 8.79 


2,3X3XA" 


12.2 


214.5! 


9 10 


- 2.8 - 1.1 


- 2.2 


- 5,0[ 4,40 


2. 2X2 X A" 


5.0 


44.0 1 


11 ir 


+ 0,0 + 0,0 


+ 0.0 


+ 0.0125,00 


2,2X2XA" 


5.0 


125,0 124.4 


2 3 


+ 4,.T+ 1,8 


+ 3.4 


+ 7.9,13.90 


2,2X2XM" 


6.4 


177,9 


4 .^ 


+ 5.0,+ 1.9 


+ 3.9 


+ 8.9,15,8.^ 


2,2.4X2X!4" 


7.4 


234.6 


67 


+ 5-0 + 1 .9 


+ 3.9 


+ 8.9 


1.5 ,8;-. 


2.2HX2XJi" 


7,4 


234,6 


89 


+ 4..'> + 1.8 


+ 3.4 


+ 7.9 


13,90 


2,2X2X':i" 


6.4 


177,9 


6 11 


+ 12.8+ .-.,0 


+ 10.3 


+23.1 


13,90 


2,4;fXXi''«" 


14,4 


100.3! 112.0 


8 11 


+ 17.2 + 8.7 


+ 13.7+:t0.9 


13,90 , 2.4X4X»!(" 


19,6 


.544.9, 110.8 


?0 11 


+21-0+ 8,4 


+ I7.i!+:w,7 


i:j,»K) ; 2.4x4Xi'ii" 


2,6 


628,3 1 



















16467.3 23.55.5 



730. Results of Preliminary Stress, Dimension, and Weight 
Sheet.— 

0. L. wcJRlits = 164G7.;i 

('onnpftion.s= 23.55..5 

Total wciRht of trus.-i= 18822.8 ibs. 

Then jij, 7, 20 = t>-274 « P«'r horizontal «|. ft. instead of 7.78.5 « 

assumed by formula for weiglit of truiss. 

/' = 2().3.52"(6+4+2.6+2.0+G.274cortl8.4'')=.->4Ui IIi-h, = 2.71)8 ton.-*. 
Tli(!n 2.8% : 2.708 : : P stress : revised /' stn'ss, 
TIicjC fi'vised P stre.s,ses are then entered ou tbe revised strcs.'i, 

tlitiieasion, and weiglit sheet, the R and H' .stresspH being unchanged. 

Maximum stres.-* = f + U' i^tresses. The dimensions are then 
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412 COMPLETE STTDY OP TRUSS [Ch. 15 

i)et€nnined again, and it is found that only those of X I, X 2, and 
8 11 can be reduced with a saving of 331.6 lbs. The weights of the 
connections would be unchanged. 

781. Reaulta of BeTissd Str«u, Dtmenshm, and Wei^ Sheet.— 
Hence preliminary C. L. weights= . . 16467.3 
Reduction of C. L. weight«= 331.6 

Revised C. L. weight3= 16135.7 

Connections as before = 2355.5 

Revise<l total weight of tru*« 18491.2 lbs. 

It is evidently unnecessary to repeat the process of revision. 
Then - ^ - a J - = 14 3/5 per cent to be added to the centre length 
weights for the weights of the connections at the apexes of the truss. 



ly Google 



INDEX 



Accumcy, Checks on, 34 
AdjuHlnienl of rods, 21 

ItendiniE moments on beBm, 10 



Cambering Chord, 
46 



1 streaaes. 



Disadvantages, 46 
Cantilever trusses, 70 

Chords lixed to wall, 71 

Rod to apex, 75 

Rod to end, 74 

Strut to apex, 74 

Strut to end, 74 

With monitor. Advantages, 1 1 1 
Description, HI 

With skylight, Advantagfe, 1<» 
Description, 108 
Ceiling under roof, 15, Id 
Checks on accuracy of stress diagrams, 

34 
Chords, Steel, 19, 20 

Wooden, 16 
Compariaon of Analytics and Grapho- 

statics, 1 
Compound stresses, 240 

Compression and moment, 242 

Purlins, Formul&a for, 244 

Rafter, 243 



Tension and moment, 240 
Compound truss n-ith trussed 
94 

Fink substitute, 98 
Compression, 231 

Across fibres, 231 

Angles with gussets, 381 

Bearing on pin, 254 

Channels, Distance betwei 



Compression, Channels, SpUced, 252 

Columns, posts, and struts, 231 

Dimensioning members, 276 

Formulas, 231 

Wooden posts, struts, and princi- 
pals, 285, 286 
ComprcKsion and moment, 242 
Conditions for determining stresses, 31 
Connection at apex, Description, 13 

Pin, 13 

Rivets and gusset, 13 
Construction of roof described, 12 
Couple denned, 2 

Moment, 8 
Covering of roof, 14, 18 
Cremona's stnss diagram, 32 

Ceiling, 34 

Combined, 3S 

Crane, 34 

Permanent, 32 

Snow, 32 

Wind, 33 
Culmann, Principle of momenta, 9 

Reactions at ends of truss, 1 1 

Stress diagram, 29 
Cylindrical roof. Apex areas, .'iii 

Apex loads, 57, 60 

Chord members straight or curved, 
S6 

Inclination at apex, 55, 69 

Inclined panel length, 55, 60 

Reversed stresses in members, 62 

Definition of Graphoetatics, I 
Definitions relating to roofs, 12 
Deformation of trusses, 362 

Causes, 362 

Deflection of truss, 362 

Stress extensions. 363 

Temperature changes, 363 

Temperatui 
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Defonnation, St«el triangul&r tiuBS, Dimensioning Fink truss, upper rhofd, 
387 
Wooden trianf^ar truss, 364 
Detailing apex connections, 336 
Applii^ations to examples, 336 
Methodt>, 336 
Fink trues, 349 

Pin connections, 349 
Apex connections, 352 
(bust met ion, 349 
Detail Hheet, 351 
End connections and rolls, I 
Rivet connections. 355 
Apex connections, 355 
Detail sheet, 356 
Semicircular crescent truss, 358 
Chord members straight. 358 
Apex ronnoclions. 35S 
Detail sheet, 3,^ 
Chord membem curved, 361 
Detail sheet, 361 
Steel triangular truss, 344 
Apex connections, 347 
End connections, 345 
Detail sheet. 347 
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Rivets. (ni**ts. and eovers. 345 
Wooden (riaiipiliir tnLts, 336, 341 

Dct;iilsh(vl, :t;ts, 34:i 

l/Mver chc.r<l and splices, 3;!7, 341 

Stmts und tics. 3311, 342 

rplx'!" ehord iiiid sjiltces, :i;i7 
DiaHonul rwls, 17. 21 
Dimensioning nxif aixl tnisM members. 



RN, 31(1 



29S 
Fink tn 
Const n 
l/^nBth.s (if nii'inlHTs 
Purlins, 312 
Kaflers. 311 
ShealhinB, 311 
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\a> 



c'liord. 314 



Ipiier ehord. 314 



B, 321 
Chord members straiRht, 328 

Lower chord, 330 

Upper chord, 328 
Chord members curved, 329 

Lower chord, 331 

Upper chord, 329 
Construction, 321 
Curvature of chords, 326 
Diagonals, 333 
Dimensions compared, strai^t 

and curved, 335 
Momenta on chords, 326 
Purlins, 323 
RadialB,332 
Sheathing, 322 
Steel triangular truss, 307 
Construction, 308 
Lower chord, 309 
Stmts and tie», 309 
Upper chord, 308 
Wooden triangubkr truss, 298. 305 
Ceiling joists, 303 
Lower chord, 304 
PurUns, 301 
Rafters, 298 
Sheathing. 208 
Struts and ties. 304 
Up[MT chord, 304 
l!)imenKioning tmss members, 29S 

Maximum stresses in membetn, 233 
Iln Table, 293 
Rivet Table, 291 
Com]>reKaion, 276 

Angles with gussets. 281 
Channels, Ijitticcd, 275. 27" 
Channels with giLsscts, 278, 279 
Wooden posts, stmts, and princi- 
pals, 2S5, 286 
Ten-sion, 2.i9 

Angles with gussets, 206, 273 
t-hannels, Webs riveted, 263 

Weljs and flanges riveted, 264 
Hods with upset ends. 262 

Without upset ends, 260 
Transversa, Sectional dimensions. 287 
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DimeDstoning, Mfxliilus of rectaninila'' 
Bwtion, 2S8 
Moment of inertia of rectangular 
section, 289 
Dimensions of truss, 26 
Apex iireu, 27, 56 
Ceiling area, 28 
Inclination, 26, 55 
Inclined panel length, 27, 5C 
Purlin area, 27 
Dome. Apex areae, 64 
Ring, 68 
Trussed, 63 

Elements of trussed roof. Rciiedule, 14 
Expansion of truss, 257 
Rockers, 258 
Rallen, 258 
Slip plat«8, 257 
Expansion, Provision for, 17 
Expimsion rolls, Changi-s in atreasee, 

44,51 
Kxomplca of trusei'j', 28 
Cantilever, 70 
Cuntileveiv, Double, 100 

End, 76 

With Monitor. Ill 

With skylight, lOS 

Thr(*-hingcd, 82 
Compound, 94 
Dome, Trussed, 63 

Ring, 68 
F'ink, Simple, 98 

Unsj-mmetrical, 49 

8 paticls, 41 

10 panels, 48 

12 panels, 49 

16 panels, 43 

With raised chord, 46 
Hip roof. Octagonal, U5 
Mansard, 53 

Hip roof, 87 

Boof with ceiling, 99 
Segmental cresctrnt, 55 
Semicircular crescent, 59 
Three-hinged, 79 

Advantages, 79 

Description, 79 



Examples of trusoes, TTiree-hingod 
with cikntilcvcra, 82 
Description, 82 

Great strcssea in aome members, 
86 
Triangular, 28, 38 

By method of momenta, 143 

Fink trusa, Difficulty in stress diagram, 

42 
Fieh plates in tenKion, 247 
Fish straps in tension, 247 
Force, Direction of, 1 
Location, 1 

Moment by Culinann's principle, 9 
Moment defined, 8 
Represent a I Ion by line, 1 
Resolution into componenta, 5 
Unit of, 1 
Forces, Antiresultjinl. 3 
Composition. 2 

Equilibrium ixjlvgon, 3 
Parallel, 5 
Polygon, 3 
Triangle, 2 
Equilibrium of, 2 
Moment of resultant. 9 
Resultant of, 2 
Formulas for materials. Simplifted. 227 

Oraphostaties defined. I 

Inclination at apex of curved n)of, 5.1 
Inclined jmnel length, .56 

Lengths of truss ii)i'iiilH-r!>. Exact, 152 
Accuracy rwiuirwi. I.i2 
Aids in computations, 152 

Bowstring truss. .Vn- |>anels, 165 
Diagonals reversed, 167 
Howe web, 108 
Segmental upper chord, 16:t 

Computation of, 152 

By right-ungled triangles, 152 

Dome, Trusseil, 178 
Angles at centre. 179 
Arc lengths of puriins, 184 
(liord and arc panels, 181 
Coordinates of apexes, 179, 180 
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Len^hs of truss nmnbers, Dome, 
TniBsed, Purlin axes radial, 183 

Purlins in great circles, 1S4 

Radiabj and diagonalH, 181 

Radii of chords, 178 

Radii of purlia-;, 182 
Dome, Ring, 1 88 

DioKonal rods. 186 

Purlin arcs, 189 

Radii of purlins, 189 

Variatiiins from 22, 185 
Fink truss of 8 panels, 157 

Chord cambored, 158 

Chord ruBnl, 158 
Fink trusH of 10 panels, 159 

Choni cambered, 160 

Chori raised, 161 
P'ink truss of VZ panels, Unsymroet- 

rical, 162 
Segmental crescent tnins, 168 

Arc paneki, 171 

Chord panclM, 170 

DiajEonaU rcversc^i, 172 

HeightH of apexes, 169 

Radii of chords, 168 

iSemicircular creseenl tni.«s, 172 

AiirI™ ill cciKre, 174 

Coordinut-w i)f ai>exc8, 172, 174, 
17.1 

Chord jiuiii'ls, 176 

Diagoimls, 170 

Di!i(tonals reverse*!, 177 



Ka<liuls, 1 

Kadii of chonU, 172 
TVianRular truss, 153 

Clionl eamiwrwi, 154 
Diaconals rcverwd. 155 

Diikftinalri rev('rse<l. li'ht 

Howe web, 135 

Choni rumben^d, loli 
Ijoudx on truss, 2X 
Aceideiital. 24 
Desrriplion, 22 
Fonnulax fur apex loads, 28 
FoimulaH for total loads, 28 
Permanent, 22 
Snow, 23 
Wind, 24 



Mansard hip roof, 89 
Concrete roof and ceJing, 99 
Description, 87 
Stress diagrams, 88 
Materials, Safe strength, 227 
Method tor study of a truss, 405 
Minimum stresses in members, 37 
Moment of a couple, 8 
Force, defined, 8 
Resultant of force:!, 9 
Bending on beam, 10 
Moments, Method for stresses, 142 
Computations, 142 

Permanent stresses, 144 
Snow stresses. 147 
Wind stresses, 148 
Equation of moments, 143 
Lengths of lever amis, 142 
Limits! to three unknown streaere, 

142 
Nature of atresses, 143 
Rotation of moments. 143 
Rules for application, 142 
Stresses, 142 

Nature of stress in member, 31 



Octagonal hip roof, Description, It 
Stresses by diagrams, 116 

Overhangs at ends of truss, 76 
AdvantuBCK, 76 
Description, 76 

Panel lengths of curved roof, 56 
Pin connections, 2,53 

Bearing on pin, 254 

Construction. 255 

Details, 255 

Eye-bar ends, 253 

Shear on pin, 254 

Transverse bending on pin, 255 
Pina described, 21 
Pina, Table U, 293 
Pnrface, III 

Procedure for a truss, 405 
Purlins, Formulas tor, 244 
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Purlins, Maximum fibre streeeea, 245 
N'eulral axis of cross eectjon, 245 
Steel, construclion, 19 
Wooden, 15 

Rafiera, formulas for, 243 

St«el, 19 

Wooden, 15 
Railway platform truKs, 106 

Substitute for train shed, 106 
Reactions al ends of tnisti, 6 

Culmann*!) principle, 11 

Ends both fixed, 6 

Rolls at leeward, 7 

Rolls at windward, 7 

Wind loading, 33 
Reeullant of forces, 2 
Rivet connections, 248, 257 

Construction, 257 

Details, 257 

Rivet lines, 249 

Spacing rivels, 349 

Standard punching, 250 

Hivct Tabic T, 291 
Roof, Definitions, 12, 18 

Construction dctwribed, 12. 18 

Description of parts, 12, IK 

Elements of, 14 

Suspension rods, 21 
Roof truss, 12 

Changea by reversing diagonals, 39 

Maximum strPHscs, 37, 298 

Minimum stressea, 37 

Stnilx and ticH, 13 
Roof, Wooden, 15 

Ceilini;, 15 

Chords, 19 

Diagonal rods, 17 

Parts, 14 

Purlins, 15 

RafterH, 15 

Sheathing, 14 

Struts and ties, 16 
Roof trusses and stress diagrams, 

Typical, 123 

Shear, Formulas, 230 
Pins, 254 
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Shear end moment, 240 
Sheathing of roof, 14, 18 

Formulas, 237 
Simplified formulas for materials, 227 
Snow, Formula for weight, 23 
Snow BtresHes deduced from perma- 
nent streseea, 33 
Spliced channels in tension, 2SI 
Spliced timbers in compression, 246 
Tension, 246 
Formulas for bolts and plates, 246 
Splices in chords of trusses, 13 
Splices in steel members, 14 
Splices in timbers, 13 
Built-up timbers, 13 
SoUd timbers, 13 
Stability of structures against wind, 
190 
Gable roof on columns, 197 
Piers, 196 
Two walls, 198 

Buttresses required, 202, 204 
Expansion rolls, 205 
WaU, 195 
Masonry wall, 190, 193 
Cases examined, 190 
Results obtained, 192 
Safety, 192 
Masonry walls, 194 
Open train shed, 209 

Footings for posts, 214 
Steel frame building, 216 
Footings for posts, 233 
Moments on posts, 220 
Strength of materials. Safe, 227 
Coefficients for materials. 227 
Compound stresses, 240 

Compression and moment, 242 
Purlins. 344 

Location of neutral axis, 245 
Maximum fibre stresses. 245 
Raften., 243 
Shear and ii 
Tension and ii 
Compression, 231 
Across fibres of wood, 232 
Columns, posts, and strut^i. 231 
Notation employed in formulas, 227 
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Strongrh of material, Shear, 230 
Tension, 229 
TiunsvehJe, 233 
Tranavergp, Deflwition, 
safe. 233 
Requirement H for safety, 233 
Load a( midillr, 233 
lx>acl irrefculur, 238 
Ijoaxl uniform, 235 
Stress diagram, Cremona's, 32 

Culmiinn's, 29 
Stress <iiu(trainH for t_v|(ical trusscv 
SlresBshwi, 37 

Cash sales book. 37 
Chan||:c» by expansion rolk, 44, 51 
Chanites by revcrpinjt diaKonal: 
Form for, 37 

Maximum sln-sse^, 37, 298 
Minim uni slnwsfls, 37 
Spaces for len)^hs, ilimen«ioni<, 
weiRhtB. etc. 37 
Stresses by methoit of momenta, 14: 
StreaaCH in members, 44) 
Changes by raimnK or eamberii 
chord, 4ti 
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MansanI ti 
Ml 



^.■>4 

Nature, 31 

Reversed in i-ylinririnil roof, ti2 
Stmts. Steel. "iO 

Woo-leii. Hi 
Study of ft Iniss, KxainpK iK 

Apex load^, 40S 

Computing ivelKhl, 410 

Dimensions ami iinif, 405 

Dimension jiijE und detailing;. 410 

I^nKtlis of memliers, 40o 

Preliniiinirj' stn-ss, ilimen.-^ion. iU 
weifrlil sheet, 411 

I'tirlins, 4(W 

lluflers, 406 



Uevi 



of 






itnd weights, 41 1 
ShentliinK, 40<i 
SircsK diuRrams, 409, 410 
Total IoikIs. 410 
Tniss. snow, and wind, 406 
8iis[M'nsion rods, 21 



Table of e< 

Tables for dimensioning members, 259 

Compression, 276 

Angles with gusaet, equal l^i, 280 

Angles with Kuaael, unequal legH, 
282,283 

Channels, latticed, 275, 277 

Channels witA guaset, 278, 27.* 

Pin table, 293 

Hivet table, 291 

Section modulus, 288 

K<-ction moment of inertia, 2H9 

Wooden poats, strata, and priiiii' 
paLs, 285, 286 



Tensi) 



,258 



An^es, both lega riveted, 

rivets, 270, 271 
Angles, both legs riveted, K" 

rivets. 272, 273 
Angles, wide lega rivet«d, %" 

rivets, 266. 267 
Angles, wide legs riveted, Ji" 

rivets, 268, 269 
(Channels, webs riveted, 263 
Channels, wobs and 6unges riv- 
eted, 264 
Weights of rods, up«ta, nuts, and 
washers, 25H 
Ends not up^'t, 296 
Kn<ls ii|>set. 295 
Tension. 229 

Dimi^nsioning members of trusxea, 

2.19 
Formulas, 229 
Fiah plalea, 247 
Fwh straps, 248 
Rods with upsets, 262 
llotls without upsots, 260 
Spliced channels, 251 
SplictHJ timbers, 246 



Tern 






240 



Axis curved. 241 

AxiM straight, 241 
Ties, steel, description, 16, 21 
Transverse stress, 232 

Bending on pin, 255 

Deflect io 

formulas, 233 
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Transverse atrrss, Load at niiddli', 233 

Load irrejcular, 23S 

Load uniform, 235 

Requirement ii for safety, 233 

Sectional dimenHions, 2S7 

Section modulus, 288 

Section moment of inertia, 289 
Truss members described, 12 

Formulas for weight, 23 
Truss diaicrom, 29 
Trusaec, Typical and Htress diagrams. 



123 
TVpical tj 



w ami slrpss diagrams, 123 






\\' eight of rods, e 

ers, 2tW 

Rodx, nuts, and wiuihers, ends n 

upHPt, 295 

Wwght of truss. Computing, 369 

Fink tniss, 379 

Compuriwin of pin and riv 

weights, 390 
Pin connections, 380 

Computation of weights, 380 
Preliminary weight sheet, 38 
ReviHion of weights, 384 
Rivet connections, 384 
Computation of weights, 384 
Preliminary weight sheet, 388 
Revision of weights, 389 
Method of revision, 369 
Semicircular crescent truss, 390 
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Weight of Semicircular crescent truss, 
Coni|iarLton of types, 404 
Disadvantages of this truss, 398 
Chord luembcrs curveil, 398 
Connection weights, 398 
Preliminary weight sheet, 403 
Revised weight sheet, 404 
Chord members straight, 390 
Connection weights. 390 
I'reliminary weight sheet, 396 
Revised weight sheet, 397 
Sl't^l triangular truss, 374 
Dain for future use, 379 
C-entre length weights, 374 
Cormeclion weights, 374 
Preliminary weight slieet, 378 
Revised weight sheet, 379 
Revision of stresses and dimcn> 

sions, 378 
\\'ooden triangular truss, 369 
Data for future use, 373 
Preiiminar>' weight sheet, 372 
Revised weiglit sheet, 373 
Revision of stresses and dimen- 
sions, 373 
Splices in chords. 371 
Sleei members, 370 
Weights of materials, 369 
Wooden nieml>er», 370 
Wind loading, Iteactions, 33 
Pressure, Formula, 24 
Stability against, 190 
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